Modern Funding Mechanisms of Scientific Research as Seen in Cancer Funding by Mostafa, Dina et al.
 Roskilde University
Modern Funding Mechanisms of Scientific Research
as Seen in Cancer Funding
3rd semester project
International Bachelor of Natural Science (NIB)
Group I
Dina Ali Mostafa, Amir Zoet, Iuliana Nita, Lidia Elena Leonte
Kevin Marcellus von Heymann­Horan, Daniel Grover
Supervisor:
Bernhelm Booss­Bavnbek
December 2013
1
Preface and Acknowledgements
The present project “Modern funding mechanisms of scientific research and their shortcomings as                       
seen in cancer funding” represents the third semester project performed at the International Bachelor of                           
Natural Science. The work has been conducted at Roskilde University (RUC), Department of Science,                         
Systems and Models, in Roskilde.
The project concludes the results of fifteen weeks work, which includes design of the project, team                             
meetings, reading of articles/books, web research, and data handling, as well as writing of the thesis.
This study is divided into four chapters. The first chapter investigates the history and development of                             
science, the scientist, the academic establishment, as well as the disciplines and subsequent changes in                           
funding sources for science. The second chapter examines science policies and research priorities as they                           
relate to cancer. Chapter three examines cancer as a research topic and describes the evolution of our                               
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Abstract
The project examines the evolution of mechanisms that fund science, from the pre­modern era to                           
today with emphasis on recent trends of cancer research funding. We examine the current understanding                           
of cancer and the epidemiology of cancer. Various priority­setting mechanisms and grant­distribution                     
methods are discussed, with particular attention given to the United States National Cancer Institute and                           
European Commission. Recommendations by the Organization for Economic Cooperation and                 
Development and United States Institute of Medicine to alter the priorities of research­funding bodies are                           
reviewed and discussed. We observe that there is a state of confusion and disagreement between                           
scientists, funding bodies, and the public over the role of science, how to fund scientific research, how to                                 
justify the expenditures, how to formulate calls for new research, how to select among potential projects,                             
and how to evaluate the outcomes of research projects.
We found the recommendations made by critics to be valid and noticed their impact on recent                             
declarations of goals of the governmental funding bodies on both sides of the Atlantic. However, we found                               
discrepancies between the declared governmental goal to fund risky, innovative research and to fill areas                           
unmet by industry and non­profits. Instead, governmental funding remains confined by conservative,                     
mainstream­oriented, and peer­review­based methods of project evaluation. Statistical analyses are                 
conducted to examine the link between disease burden and funding of cancer research by governments; no                             
significant relationship is found. This confirms our analysis of a state of confusion and disagreement about                             
perspectives, justification, priorities – and successes of the present funding of cancer research.
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Introduction and Problem Formulation
In this project we will investigate the factors that contributed to the evolution of scientific research                             
with an emphasis on funding. The project will examine the historical roots of the scientific establishment. It                               
will answer the questions, "historically, which people have been the main practitioners of science?", "who                           
pays for science? How have the sources of funding of science changed over time?", and "how do changes                                 
in the funding of science affect the behavior of scientists?" Having grounded ourselves historically, we will                             
then examine current research paradigms. We choose to focus specifically on the funding of cancer                           
research as an example. We will analyze the state of cancer research funding, make comments on the                               
current research methods and practices, and attempt to find an answer to our problem formulation, "are                             
current methods and practices for funding research useful and effective in the case of cancer research?"
The nature of the scientific research has evolved dramatically over time. At the time of its inception,                               
scientific research was fuelled by curiosity, undertaken as a hobby in most cases by individuals of different                               
callings and professions, and it was mainly funded by the researcher’s own wealth or through the                             
sponsorship of wealthy private or public patrons. In Chapter I we explore the emergence of the modern                               
scientific establishment from these roots. By understanding the history of scientific research and funding of                           
scientific research, we are better able to understand the current methods and practices for research and                             
funding. This understanding allows us to make better criticisms of the current funding methods and                           
practices, where criticism is warranted.
The modern scientific system, however, has evolved away from the old model to the one we see                               
today. Most science historians agree that the turning point was in the mid 20th century, particularly in the era                                   
of World War II and after. The previously unwitnessed monetary investment made by governments in                           
science during WWII set a trend that continued since, and set in motion the process that produced the                                 
model of scientific system adopted ­ albeit varying in some of its details ­ in most developed countries. In                                   
Chapter II we look at the current state of scientific funding, focusing on cancer research. In this chapter we                                   
describe the ways in which decisions regarding funding of cancer research are made today.
Cancer is a disease that affects millions of people worldwide and has been the subject of much                               
scientific research around the globe. Chapter III examines cancer as a topic of scientific research and looks                               
at how our understanding of cancer has changed throughout history. It is a topic of great interest to                                 
scientists as well as non­scientists, and research into cancer is supported by governments, businesses,                         
and charities. Due to its prominence, cancer research is an excellent case through which to examine the                               
relationship between scientists and the sources of science funding.
After describing the evolution of scientific research, the current state of cancer research funding,                         
and the developments in understanding cancer as a disease and as a research topic, we conduct several                               
analyses. These analyses, which compare the disease burdens of important cancers to funding levels, are                           
intended to indicate whether or not current cancer research funds are being used in the most effective,                               
efficient manner. The analyses show that research funds are being allocated in a way that (1) is unlikely to                                   
6
produce large results (ie improvements in disease burden) and (2) does not ensure the existence of a                               
robust scientific capacity.
Finally, in Chapter V we present our critiques of the modern methods and practices for the funding of                                 
cancer research and offer suggestions for improvements. We find that there is too much of a bias in favor                                   
of conservatively awarding funds and that some of the blame rests with over­reliance on peer­review and                             
criteria such as impact assessment. This method favors established scientists and institutions, and not                         
necessarily the scientists and institutions with the best ideas.
Our project conforms to the RUC 3rd semester NIB theme, which requires that projects examine                           
science as a subject and a phenomenon. Our project studies the origins and evolution of the modern                               
scientific establishment. Our project looks at the forces ­ funding of science ­ that influence the behavior of                                 
scientists and the direction that scientific fields take as a result. We use cancer research as a case study,                                   
but the particular details of the cutting­edge of cancer research is not the subject of our inquiry; we are                                   
interested in cancer research as an example of science as a social and cultural phenomena.
Chapter I : The evolution of science modes and the scientific establishment and scientific
patronage
This chapter describes the evolution of science funding. The relationship between the scientist, the backers
of scientific research, and the non­scientific public are described. Internal and external criteria for judging
the quality of scientific research are described and their pros and cons are discussed. The role of the
scientific establishment is discussed.
1.1 ­ History of scientific paradigms
1.1.1 ­ Science before the contemporary era
A quick search in the history of science will inform the reader that in pre­modern times, science was                                 
the vocation of a select few, either philosophers or learned elders and religious figures, and later on                               
nobilities and aristocrats who could afford to devote their time and/or money to the scientific endeavour.
Funding­wise, scientific research in its early stages was mainly paid for by the scientist’s own                           
wealth, the patronage of wealthy individuals with scientific curiosity or by church/state patronage. Examples                         
include Galileo’s research which was paid for by wealthy individuals, including the pope. Charles Darwin’s                           
research was mainly funded by his family’s wealth, but his trip on the Beagle ­ a British naval vessel on a                                       
map drawing mission ­ in the 19th century is one of the earliest instances of government sponsorship, as                                 
well as the long period of state funding of Tycho Brahe’s research in Astronomy, first by the Danish king and                                     
thereafter by the King of the Holy Roman Empire. Because funding in these cases was granted based on                                 
the merits and promises of the researcher and because the funding came from private money, the                             
researchers had great deal of autonomy over which subjects to research and how to design their studies.                               
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They were also not required to account for how they spent their funds nor to show adequate return for them,                                     
result­wise (Ziman, 1994).
As scientific knowledge accumulated and built a stable basis for further research, science grew and                           
the need for more full­time, specialized, “professional” scientists and researchers increased; along with it                         
the need for adequate and continuous funding, which naturally led to the state’s permanent support of                             
science. State support of the scientific community helped to ensure the existence of a scientific capacity:                             
the ability of the scientific community to generate new discoveries and to address problems facing the                             
society that require a scientific solution.
1.1.2 ­ The Humboldt model
By the mid 19th century, a new model emerged in Germany, called the Humboldt model ­ after                               
Wilhelm von Humboldt ­ wherein the government is the primary source of funding of scientific research and                               
research is almost exclusively conducted by the university. The Humboldt model was adopted by most                           
European countries, except for France and Russia where research and teaching were conducted by                         
separate institutional bodies. A main characteristic of the Humboldt model is the high degree of autonomy                             
enjoyed by both academic individuals and institutions when it came to the choice of research pursuits, as                               
well as the allocation of funds (Martin, 2003).
1.1.3 ­ Weimar model and peer­review
One of the earliest examples of full and permanent state funding of science is the state patronage of                                 
Physics research in Weimar Germany. Following WWI the country faced inflation and scientific institutions                         
suffered a major loss in terms of budgets or institutional endowments. The state had to step in to support                                   
the scientific research community, and to do so created a major institute responsible for funding the                             
research and publication in all fields of science. Another rival institute was created as an association of                               
major industrial firms that also supplied funds to the fields of Physics and Engineering (Forman, 1974).
The so­called Weimar model cemented the government’s patronage of science and increased its                       
amounts. Furthermore, formalisation and institutionalisation of the peer­review process to award funds                     
began in Germany during the interwar period. The peer­review process is an important part of the                             
self­regulation of the scientific community. Peer­review is used not only to determine which projects have                           
scientific merit and are worthy of funding, but also to determine which scientific results are worthy of                               
imprimatur. Peer­review has also contributed greatly towards increasing the numbers of trained scientists                       
and scientific output (Forman, 1974). Peer­review is discussed in more detail below, in 1.4.2.
1.1.4 ­ WWII and the Bush model
During the period of WWII, state support intensified as scientific research catered for the needs of                             
war. In this period another model emerged that is attributed to Vannevar Bush’s views, expressed in his                               
1945 report “Science: The Endless Frontier”. The great scientific discoveries of the early half of the 20th                               
century and their subsequent applications during WWII led to the view of science as a linear process that                                 
starts by basic research, which leads to applied research and ends in the development of technologies and                               
8
inventions. This understanding of scientific research is the Bush model. It was understood that the state’s                             
investment in basic research is bound to produce commercial, strategic and health benefits (Bush, 1945).
Most of the funding in this period came from militaries and the research itself was largely in the fields                                   
of physics and engineering. Greater accountability for funds became a must, which went on to become a                               
stable attitude after the war. Similar to the Humboldt model, the Bush model provided great autonomy for                               
science, meaning the fields of research to be funded were totally decided upon by the scientists. In the                                 
Bush model, however, this autonomy is supplemented by an expectation of accountability over the long run.                             
That is, scientists are expected to produce results that are exploitable, economically or otherwise (Ziman,                           
1994).
Despite the increased accountability, scientists still had the final say when it came to the direction                             
and design of their research after WWII and up until the early 70s. However, before long it was obvious that                                     
the science community needed to account for the funds spent on the research, paid for in large by the                                   
taxpayers, and that in turn called for the development of a science policy from the side of the scientific                                   
community (Ziman, 1994).
1.1.5 ­ Steady­state of science funding and state science policy
By the 1980s and more so at the end of the Cold War, a lesser need for research in fields that were                                         
previously emphasized ­ such as physics, nuclear energy and engineering ­ started to manifest. New                           
demands emerged, including the need of nations to be more commercially competitive and the need to                             
account for public funds accurately due to smaller science budgets. These factors called for a revision of                               
the social contract between scientists and the rest of the public. United States Congressman George                           
Brown reflected the desire of the public for a science policy that focused on practical, applied research                               
when he declared that “[t]he scientific community must seek to establish a new contract... based not on                               
demands for autonomy and ever increasing funds, but on the implementation of an explicit research agenda                             
rooted in [social] goals” (Brown, 1992, quoted in Guston and Keniston 1994, pp 6­7). This illustrates that in                                 
return for constant funding of scientific research, the government expects that research addresses the                         
needs of the society and imposes stricter accountability for those funds.
Ziman presents his view of the current state of the science is done as “steady­state science” (1994),                               
in contrast to previous periods of expanding science budgets. Support for science will exist at stable levels,                               
rather than continually increasing or decreasing. The potential scientific research directions and                     
opportunities are steadily growing, while the funds available to explore them are very limited. According to                             
Ziman, funding of scientific research must endure and keep pace with recurring economic crises, the rapid                             
increase of human population, and the subsequent urgency to use available resources on other areas. A                             
government science policy is a division of a state’s public policy that deals with the conduct and                               
management of the scientific enterprise and seeks to strike a balance that will fund important scientific                             
research while also allocating money to other important areas.
1.1.6 ­ Strategic research
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In modern times the appeal of a specific field of scientific research, as far as the public is                                 
concerned, is proportional to its potential practical applications. This causes a general push in favour of                             
prioritising applied research, a trend that is seen by many specialists as a threat to the scientific endeavour.                                 
Ziman argues that the emergence of new disciplines from older ones makes any investigation of a basic                               
scientific topics one that holds very real potential for vast applications (1994).
Strategic research encourages a mix of basic and applied research, of short and long term goals,                             
and the pursuit of foreseeable outcome and open­ended outcomes. The basic research part is aimed at                             
strengthening the framework of understanding, or extending the linkages to other branches of knowledge.                         
Basic research in molecular biology, for example, leads to a greater understanding of the mechanisms of                             
the cell and may provide the basis for spin­off breakthroughs in development of cancer treatments (Ziman,                             
1994).
Strategic research cannot encompass some types of research, however. Scientific disciplines that                     
are not able to point to economically exploitable results resting just over the horizon, such as “pure                               
research” areas like humanistic disciplines, archeology and astrophysics, are at risk of losing funding and                           
becoming stagnant when strategic research is the dominant paradigm (Ziman, 1994). It adds to the                           
dilemma that the value of research produced in these pure research fields may only be understood by the                                 
specialists, and not by politicians or others involved in funding decisions.
Maintaining a steady support for curiosity driven, open­ended, investigative scientific research is                     
crucial for maintaining our knowledge base, even when the long term effects are not obvious. To understand                               
the importance of the funding of basic, long term research, Arnold looks at two classic investigations in the                                 
1960s, which were conducted to investigate the factors and chains of events that led to major scientific                               
accomplishments, in order to systematise them (2012). The first is called Hindsight and was conducted at                             
the command of the US Department of Defence (DoD) in response to the House Committee on Defence                               
Appropriations questions regarding the DoD’s research and development decisions. The investigation                   
identified 20 weapons systems and looked back within 20 years prior to the development of these weapons                               
to pinpoint the events that led to them. The research found that 90% of the ideas behind the weapons’                                   
development resulted from applied – but generic ­ research conducted mainly in the DoD’s and industrial                             
laboratories; only 8% resulted from university research. The investigation also highlighted that the period                         
between the scientific finding and the technology application averaged 9 years for the applied research and                             
20 for the basic (Arnold, 2012).
The other investigation into the long term effects of research was called TRACES and was                           
commissioned by the US National Science Foundation (NSF). This research also studied the landmark                         
discoveries that contributed to five major innovations (magnetic ferrites, the videotape recorder, oral                       
contraceptives, the electron microscope, and matrix isolation). The research team looked further back than                         
20 years and their findings were fundamentally different. The TRACES researchers found that 70% of the                             
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identified landmark findings leading to the innovations in question were in basic research and one third of                               
those findings originated in universities research. Interestingly enough, they found that applied research                       
mattered the most in the period of 20 years prior to the invention, while basic research went back as far as                                       
50 years (Arnold, 2012).
Of course the subjects of the two investigations are inherently different, and it is expected that                             
applied research will have more substantial weight when it comes to the development of weapon systems.                             
However, looking at the two investigations together emphasises the interdependence of basic and applied                         
research, the expected long period before basic research starts yielding any applications – the need for                             
translational research – and the importance of interdisciplinary knowledge that allows for fitting the pieces                           
together to create a new innovation or figure out a natural phenomenon.
1.2 ­ Scientific modes and the social contract
Gibbons et al (1994) provide a useful framework for understanding the relationship between                       
scientists and the rest of society in the form of modes of science.
Mode 1: new scientific knowledge is produced in academic institutions, where the different scientific                         
disciplines are clearly separate. In Mode 1, no conscious connection to social needs is established and the                               
results of scientific research are not designed beforehand with applicability in mind. Societal accountability                         
is limited in this mode and the researcher enjoys great autonomy.
Mode 2: multidisciplinary research is produced by variety of institutions of both private and public                           
nature. New knowledge is being produced with its applicability to societal needs in mind and strict                             
accountability for funds is explicitly demanded.
Martin argues that what we see now is probably a shift towards a system that strikes a needed                                 
balance between Mode 1 and 2 research, which is merely a reversion to the model prevailing prior to WWII                                   
and the Bush model (Martin, 2003). Looking at the history of science (eg. the Humboldt model, the Bush                                 
model), there is a tendency of models to move from Mode 1 to Mode 2 as they become more democratic,                                     
as scientists become less insulated from the pressure to produce results that are exploitable (economically                           
or otherwise). Martin writes about the social contract that exists between scientists and the societies within                             
which they are embedded. One of the questions of the new social contract that has emerged as publics                                 
demand greater accountability from scientists is whether basic science is under a threat of being                           
marginalised. Martin addresses this point by looking back at WWII and the system of generous state funding                               
for the sciences contributing to the waging and winning the war that existed at that time. He states that such                                     
generous, no­strings­attached funding created the perception that it is a government responsibility to fund                         
sciences and thus to allow the sciences to evolve organically without the interference of the interests of the                                 
private sector (an example of Mode 1 science). This is, according to Martin, a faulty perception of the role of                                     
government in the promotion of science.
It has since become customary for governments to provide funding for basic research with                         
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potentially high social return. The high risk or low private returns deters private investors from funding it.                               
Funding such research was the state’s contribution towards expanding the pool of knowledge, out of which                             
industry could derive new technologies to benefit the society as a whole (OECD, 2003). The current                             
paradigm is more in line with Mode 2 science; we are seeing movement shifting towards some of the                                 
funding responsibilities to private corporations. In return the state protects the interests of such corporations                           
by drafting more protective laws for intellectual property and patents. Martin argues that these changes are                             
not necessarily posing a threat to science, as some of the most important scientific findings were both                               
fundamental research but also addressing a societal need and that categorising research as either basic or                             
applied is simplistic and misleading, as it gives a false impression that a research cannot be both, or that                                   
emphasising applicability necessarily sacrifices the pure nature of science (Martin, 2003).
1.3 ­ Contemporary models of science funding
1.3.1 ­ Types of state funding
State funding could be either institutional funding or project funding. The former was the prevalent way of                               
funding in the past (Eg Humboldt model) where funds were requested and granted in bulk to the research                                 
institution and the decisions on how to best utilise them are left to the research establishment itself. It was                                   
not until the late 1960s that questions started to be asked regarding the decision to funding of one field of                                     
research over the other, for example choosing to funnel millions in nuclear and high energy physics instead                               
of medicine and biology. (Ziman, 1994, pp95) But under the “steady state” of science and with the                               
abundance of equally promising projects ­ at least where politicians are concerned ­ a more stringent                             
process of selection was needed to best utilise the available funds (Ziman, 1994). This has caused state                               
funding to become increasingly project­oriented (time limited and decoupled from the quality of teaching)                         
and funds are awarded competitively through grants and contracts, based on the peer review of the                             
institution’s output and performance criteria (OECD, 2003). In the case of state support for universities, this                             
has resulted in funding of research projects that is time­limited and decoupled from the quality of teaching at                                 
the university. As a result, effective methods for determining the quality of an institution's output and                             
performance must be found. These are discussed below in section 1.4.
Other public funding schemes include the establishment of centres for excellence and research                       
centres, the initial capital of which comes from a public or governmental source. These types of                             
establishments function independently from the state after they have been established and set their own                           
priorities. Most award their funds competitively (OECD, 2003).
1.3.2 ­ Industry and business funding
Another source of funding is industry and business funding, that is more in line with the current belief                                 
that the power of market competition ensures excellence. The belief is that a capitalist funding system is a                                 
better and more efficient provider of valuable research for the people than a government controlled                           
science­program. Therefore, phasing out the support provided by the state and replacing it with direct                           
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funding from the private sector might be viewed as superior. The private sector is effectively given the reins                                 
to decide the path of research. This has caused the development of a customer­contractor relationship                           
between the research establishments and their clients, whether government agencies, industrial                   
establishments or otherwise (Ziman, 1994). Global business contribution to R&D expenditure increased                     
from 50% to 69% between 1981 and 2001, while public funding decreased from 45 to 30% in the same                                   
period, most of which goes to higher education (OECD, 2003). Because so many of the decisions of                               
choosing which areas to research rest with the private sector, public contributions serve as subsidies of                             
private industry.
Many academic research institutes (universities) are funded by corporate sponsors. This causes the                       
sponsor to have a significant say in what research is conducted and how it is done. Sometimes in the case                                     
of marketable research, the corporate interests exercise their power to influence the design of studies, hold                             
the publications to avoid competitors having access to them and eventually patenting the product for                           
commercial use.
Some universities, including private ones like Harvard or public like the University of California at                           
Berkeley, attempt to escape the hold of a corporate sponsor compromises by acquiring their funds largely                             
from state sources. The downside to relying on state money is that these universities become vulnerable to                               
government policies for the funding of research, which are themselves influenced to a great degree by                             
hoped­for potential return and limited funds. (Ziman, 1994)
In light of the market model mentioned above, universities and other nonprofit research institutions                         
are evolving into corporate participants in that market, where they compete with other research entities                           
selling their research services as contractors for either industrial or governmental customers. Thus, entities                         
that were originally established for knowledge purposes become entrepreneurial in nature in order to stay                           
afloat. (Ziman, 1994)
1.3.3 ­ Other important sources of funding
In addition to state and industry funding, other sources of funding include :
● institutions’ own income (tuition, endowment, licensing fees)
● independent funders (independent endowments and funds, foundations and community­based               
donors)
. While state funding is driven by state policy and industry funding is driven by the market forces, charities                                   
and other foundations provide funds through competitive allocation and have their own interests (Grant,                         
2006).
1.4 ­ Contemporary criteria for awarding research funds and measures of research quality
Given that there are only so many research dollars available in a given year and that money must be                                   
put to good use, it has been necessary for funding organizations to develop and use different criteria to                                 
evaluate potential research projects, research institutions, and individual scientists. Traditionally, funding                   
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bodies employ “internal” and “external” criteria for choosing a project. Specific examples of these criteria are                             
given in Chapter II.
1.4.1 ­ Internal criteria
The internal criteria relate to the scientific aspect of the research: how it is designed and what
questions does it attempt to answer. These criteria are highly specialised and are reviewed by scientists or
specialists in the field who examine how competent the potential researchers are, how technically sound
the design of the project is, and based on the former how likely the project is to succeed. This assessment
is called “peer review”. Peer­review is of course a major factor in determining the quality of research and in
making decisions regarding disbursement of research money. In the years since the Weimar model
established peer­review, new and important facets have emerged that must be discussed in order to get a
full picture of how science is evaluated.
1.4.2 ­ External criteria
External criteria are types of cost­benefit analyses that are concerned with the expected results of a
project and their implications, either scientific, social or technological. These criteria are specific to each
funding body.  In Chapter II we will examine examples these criteria in detail.
Because internal qualitative criteria of assessment are highly specialised and cannot be utilised by
the external reviewers including politicians, administrative staff and economists, it has been necessary to
create measures of performance. Quantitative methods were developed to achieve such assessment of
the track record and previous scientific contributions of the researcher/research group/establishment. Such
methodologies include:
● Bibliometrics: quantitatively analyses and uses statistics to describe patterns and distributions within
a given field (Palmquist, 2001).
● Logic Modelling/Implementation: A method used to connect the logical flow between inputs, outputs,
and impacts of research funding. This includes also the quality of project management, which can
be used to estimate if a project will be capable of running to completion.
● Cost­benefit analyses: Measuring and discussing the overall effects a certain parameter might have
on society, be they positive or negative in worth to us (EFC, 2009).
The availability of research papers in a digitised form makes bibliometrics of evaluation easy to
perform through the extraction, sorting and bulk manipulation of the bibliographical data found in the papers
via the use of search or keywords in the titles and abstracts, names of authors and research
establishments as well as number of citations. This method facilitates the performance of low cost
numerical analysis of research publications.
Impact assessment is a type of bibliometric. It is a process of research evaluation to gauge the
extent of return on investment, either in terms of knowledge created and disseminated or products and
services invented. Measures of impact assessment vary; some research outcome could be viewed as
positive or negative considered from different perspectives (Penfield et al, 2013).
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Bibliometrics, however, should not be taken as a sufficient method of evaluation. First, because the
numbers of published papers do not have the same significance across all disciplines (Ziman, 1994). For
example, it is normal for a researcher in medicinal biology to author several papers per year, a rate that
would be considered astronomically high in Mathematics.  There is also concern that overreliance on
bibliometrics such as impact assessment as a way to allocate resources has an effect on the performance
of researchers and their scientific output by incentivising strategies that raise a researcher’s impact factor.
Many theorists (Lotka 1926; de Solla Price 1963, 1976 ­ quoted in Cesaroni and Gambardella, 2003 ) believe
that basing the allocation process on the researcher’s track record will cause the emergence of cumulative
advantages favouring groups of researchers and institutions. The concern is that researchers and
institutions will be favored because they have always been favored and not because their projects are the
ones that have promise. This selection bias is the reason behind a small group of researchers producing
the bigger share of scientific publications nowadays.  Because funding decisions using track record can
only be based on materialised projects ­ as opposed to the consideration of those that did not win funding ­
the result is allocating funds repeatedly to the same groups of researchers, and missing the opportunity of
introducing innovative new blood into the research community (Cesaroni and Gambardella, 2003).
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Table 1.4.1 lists a number of the common methodologies used by funders in addition to the classic peer
review, to evaluate research proposals. Each method has a list of advantages and drawbacks (reproduced
from Grant, 2006).
Method Advantages Disadvantages
Bibliometric analysis
○ “Epidemiology” of research
○ Looks at patterns of publication
and citation
○ Can include quality, quantity,
collaboration, etc.
○ Quantitative
○ Useful to see large scale
trends
○ repeatable analysis
possible
○ Estimates of quality may not be
reliable
○ Difficult to compare across fields
○ Care in interpretation is needed
○ May be skewed by biases in data
Economic rate of return
○ Assess rate of return on       
investment, for example how     
many £ returned for every £ spent
○ Quantitative
○ Useful for political
lobbying
○ Easy to understand
○ Focuses on financial benefits, rather
than social  or health quality and
scientific innovation
○ Requires many assumptions, which
may be controversial and unreliable
Peer review
○ Qualitative assessment by peers
○ Well understood and
accepted by researchers
○ Provides qualitatively
informed evaluation
○ Time consuming
○ Concerns regarding objectivity and
variability of practice
○ Can focus on quality to the exclusion
of relevance
○ Cumulative skewing; bias favoring
established researchers and institutes
Case studies
○ In­depth examination of research
○ Provides ‘narrative’ for research
process and outcome
○ Provides in­depth
understanding
○ Informs reforms of system
○ Illustrates all types of
benefits of research
○ Can produce ‘Good news’
stories for public relations
○ Hard to compare
○ Single study may not be
‘representative’
○ Difficulties in generalising
○ Expensive
Logic modelling/Implementation
○ ‘Picture’ of how programmes work
○ Value in creating, validating and       
modifying models
○ Develops a series of ‘ If...then’         
statements
 ○
○ Useful to identify linkages
between funding
programmes and
innovation over time
○ Builds shared
understanding among
stakeholders
○ Not useful for short­term evaluation as         
time lag between research and       
outcomes may be many years
○ Can be inflexible
Benchmarking
○ Comparing across different
countries, organisations or
programmes
○ Identifies variation
○ Allows identification of ‘effective
practice’
○ Useful tool for comparison     
across programmes and   
countries
○ Provides alternate ideas
○ Focuses on fields not research
programmes
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1.4.3 ­ The costs of fundraising
Ziman states that the complexity of the process of fundraising and granting has become one of the                               
major contributors towards the high cost of science, as the expertise of highly qualified personnel and                             
scientists on both sides is required, in addition to the administrative costs (1994). A good example of the                                 
increasing cost of conducting research can be seen in figure (1.4.1) which shows the widening gap                             
between allocated fund and actual scientific spending in the NCI budget in the period between 1994 and                               
2004, the difference represents the administrative costs of NCI, being an autonomous institute where                         
allocation decisions are made separately from the parent institute NIH means that NCI supports its own                             
large administrative apparatus with its subsequent financial commitments.
Figure (1.4.1) ­ The increasing difference between allocated funds and research spending in NCI over ten years ­ source                                   
NCI annual reports
Another drawback of the process as it is today is its reliance on what Ziman calls an “educated                                 
guesswork”. Because science’s intrinsic nature is its unpredictability, a research programme mutates and                       
changes along the journey of its execution. Therefore, employing a process which attempts to predict the                             
outcome of theoretical research is an obvious paradox.
A negative outcome of the increase in complexity and size of the evaluation process could be the                               
resulting aversion of many highly qualified researchers towards getting involved in such research. Decisions                         
are not based merely on the originality and scientific brilliance of a project, but on a multitude of other factors                                     
­ including the track record of the researchers and whether the area of research is prioritised ­ that have                                   
little to do with innovation. Another drawback is how this process requires the employment of many expert                               
scientists to do peer review, when their time could be better utilised doing research or teaching.
1.5 Summary
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Ever since the value of maintaining a scientific capacity has been recognized, there have been                           
different ways that have emerged to ensure that scientific research is funded. Modern societies do not rely                               
entirely upon the generosity of wealthy individuals ­ or on any single source for that matter. The                               
maintenance of scientific capacity is achieved by a balance of business, government, and non­profit/charity                         
money.
Other changes over time include changes in the way decisions are made regarding which research                           
projects to fund. Rather than individual scientists ­ or aspiring scientists ­ attempting to convince a wealthy                               
nobleman or industrialist to grant money on the basis of a promising idea, contemporary scientists now                             
seek funding via more structured, formal processes. Processes and techniques that are the hallmark of                           
contemporary science, such as peer­review, bibliometric analysis, and impact assessment, ensure that                     
science is more internally rigorous than ever before, but are not without their downsides. These same                             
processes and methods are also inherently conservative, favoring established scientists and research                     
institutes over those with fewer credentials and publications, but possibly better ideas. The funders of                           
science have come to favor result­oriented scientific research, they have adopted these inherently                       
conservative methods more and more. This fosters reliability and accountability, but also creates the risk of                             
systematic stagnation in scientific capacity.
Chapter II: Modern priority setting processes and criteria
Introduction
This chapter describes how the funding of science is accomplished using several contemporary,                       
real­world examples. The Organisation for Economic Cooperation and Development’s (OECD)                 
recommendations for how countries should set their research priorities are discussed. This chapter                       
contains a critique of the OECD’s recommendations, particularly with how they favor the interests of                           
business. The European Commission’s (EC) method for distributing grants to conduct scientific research,                       
which is typical of how grants are assigned elsewhere, is discussed and critiqued. The United States                             
National Institutes of Health’s (NIH) criteria for funding research is reviewed as an example of the priorities                               
used by an important funder of science and of cancer research. The debate over the effectiveness of the                                 
NIH’s criteria is discussed and the relationship between scientists, funders of science, and the                         
non­scientific public is considered through the lens of this debate.
2.1 OECD recommendations for priority setting and criteria
In 2003, the Organisation for Economic Cooperation and Development (OECD) published a report                       
that identifies the different research methods and practices (or “archetypes”) that exist in member countries                           
and describes the main challenges faced today by scientific communities and governments. The authors                         
described strategies for improving the decision­making processes that are used to pay for science:
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a) Involving a wider range of stakeholders (business and civil society) in the process of priority setting.                               
Countries are advised to redesign the mechanisms of priority settings to not only accommodate budgetary                           
constraints, but also to involve all stakeholders in setting those priorities so they are more relevant to the                                 
society and more transparent. That is accomplished through choosing representatives of the business and                         
civil sectors to participate in advisory councils for government science policies. In addition, OECD advises                           
to involve experts from the industry and non­governmental organisations in the peer review panels formed                           
by the research councils (OECD, 2003).
b) Restructuring the funding mechanisms: either through the institutional restructuring of funding agencies,                       
or creating incentives for research done in priority areas through project­oriented, inter­institutional funding                       
(as opposed to classic, institution­based funding). The extent of previous collaborations of a certain                         
institution ­ whether local or international ­ is considered in its evaluation as a sign of excellence (OECD,                                 
2003).
The use of competitively awarded funds for project­oriented research is a surging trend in the                           
scientific field. It is intended to encourage short­term, goal­oriented projects in emerging research areas.                         
The selection of research team/project proposal is based mainly upon assessment of previous                       
performances (OECD, 2003). There are of course criticism to this approach, including the threat it might                             
pose to curiosity­driven research and the autonomy of the researchers.
c) Restructuring the way research is done: OECD recommends utilising centers of excellence and                         
promoting interdisciplinary research and public­private collaborations (2003). Universities should introducing                 
more platforms for interaction with the society, for example through liaisons with industry.
d) Evaluation: because research is increasingly reflecting socio­economic needs, the criteria for its                       
evaluation as well need to reflect both research excellence and relevance. A new direction of funding reform                               
is to allocate funds selectively to institutions based on their research excellence. The merits of a researcher                               
are measured by the list of their publications, their contribution towards the commercialisation of public                           
research and the impact their research has on business innovation (OECD, 2003).
e) Developing better human resource management strategies: the scientific capacities of OECD countries                       
are at risk due to the decreased interest in the studying of science by students and subsequent lack of                                   
sufficiently trained research personnel. To rectify the situation the OECD recommends redesigning science                       
education curricula, increasing university and school resources, keeping the knowledge of the teaching staff                         
up to date, increasing the funding for PhD and post­doctoral training, introducing new policies aiming at                             
increasing the participation of women in the science field, as well as facilitating the immigration of foreign                               
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personnel (2003).
The recommendations of the OECD are very much in favor of business. The extra weight given to                               
institutions that have a history of collaborations is an example of institutional conservatism that prioritizes                           
institutional pedigree. Emphasis is placed on involving previously pure­research­focused institutions in                   
business activity and researchers are lauded for their commercially exploitable results. Researchers may,                       
therefore, be incentivized to focus on the most economically valuable research than on the most                           
scientifically valuable research. For example, if pharmaceutical companies are given the decision of how to                           
set the research agenda one can fear that they may choose to prioritize research that will marginally alter                                 
an already existing drug rather than to develop a treatment for a currently untreatable disease. This will                               
produce a very good outcome for the company ­ they now have a lucrative new patent ­ but has little or                                       
nothing to other stakeholders ­ the untreatable disease remains untreated, other research avenues remain                         
unexplored.
The implementation of the OECD’s suggested reforms is reported to be easier in situations where                           
decision­making authority is more centralised and top­down (OECD 2003). The OECD’s public­private                     
partnership model is quite different from that currently in place in the NIH, described below.
2.2 Priority setting in the European Commission’s Seventh Framework Programme
FP7  ­ Cooperation / Health:
The European cooperation in science and technology started post WWII and led to the establishment of                             
institutions like CERN and EMBL. In the period between 1956 and 1971 the European Community appointed                             
a committee to deal with its science and technology policy. At the end 7 agreements for cooperation were                                 
signed to define the scope of European Cooperation in Science and Technology (COST), originally intended                           
to be funded by all members but was it later decided to be funded internally due to the complexity of the                                       
decision making process. Shortly after, the FP1 programme was conceived (Arnold, 2012).
The FP is focused on funding high quality R&D, and its selection process is stringent and highly                               
competitive, aiming at selecting the elite researchers among the applicants (bibliometric assessment of a                         
researcher’s output through citation is employed). It also aims at including the most research­intensive                         
companies in the respective fields, allowing the researchers to build networks that will establish the base for                               
future collaborations among the EU member states.
The overall focus of the FP is on the applied end of science, in terms of translating already acquired basic                                     
research into treatments and industrial applications. This is due to the competitiveness and short lifespan of                             
the funded projects (Arnold, 2012)
FP7  ­ Cooperation/ Health and Cancer funding
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A major source of funding for cancer research is the European Commission (EC). Since 1984, the                             
EC has provided money for all kinds of research via Framework Programmes (FPs), the current (as of this                                 
writing) FP is FP7, which concludes in 2013 (CORDIS, 2012). FP7 has a number of topics that it would like                                     
to have researched and publishes a “calls for proposals” on their website to solicit applications for funding.                               
Scientists apply to the call with proposals. The proposals are evaluated and money from the FP budget is                                 
distributed to researchers that will work in the particular area covered by the call.
A project applying for funding for the FP7 is required to make a so called two­staged submission.                               
First, a group of experts in the field of the application that will evaluate the proposal. If the experts agree to                                       
consider the project then the project has passed the first stage. The full proposal will be presented two                                 
months later. During this final evaluation of the proposal, more experts determine whether or not the project                               
is worthy of funding. The experts that examine the final proposal are ordered to ensure that “[a] high level of                                     
expertise” and “[a]n appropriate range of competencies” are met (EC CORDIS, 2009). The main criteria                           
stated by the FP7's guide for applicants are the scientific and technological quality of the proposal, the                               
“quality… of the implementation and the management” of the proposed project, and the projected impact of                             
the research (EC CORDIS, 2009). A project is expected to, among other things
● be sound in its concept
● to make progress beyond the state of the art
● to have a contribution at the European level
● to have an appropriate management structure.
The EC is currently seeking to overhaul its mechanism for funding scientific research. One of the                             
aims of FP6 was to establish a common research environment for scientists working in Europe, the                             
European Research Area (ERA) (CORDIS, 2012). FP7, which accounts for the years 2007 to 2013, was                             
intended to continue moving towards an EU­wide, supranational source of funding for research (Fricker                         
2007). Following FP7 is a new, seven­year initiative, named "Horizon 2020" that is intended to begin in 2014                                 
and last until 2020 (European Commission 2013). It remains to be seen if Horizon 2020 will bring substantial                                 
changes or if it will merely be “FP8” with a catchier name.
2.3 Priority setting in the United States: NIH and NCI
In the United States, various government agencies provide funding for cancer research. The National                         
Cancer Institute (NCI), one of the National Institutes of Health (NIH), provides the largest share.
The NCI was established in 1937 to lead cancer research at a national level in the United States. Its                                   
responsibilities were expanded in 1971, during the War on Cancer, to include directing the National Cancer                             
Program (NCI, 2011). The NCI's budget was approximately $4.9 billion from 2005 until 2013, when it was                               
reduced to $4.8 billion. The priority setting process of the NIH is a complex and daunting task, due to both                                     
the enormity of the funds and the network of stakeholders to be involved, as well as the subsequent                                 
accountability demanded (NCI, 2013).
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2.3.1 NIH priority criteria:
NIH has five explicit criteria that are used in making funding decisions: “public health needs”, “quality                             
of research”, “scientific opportunity”, “portfolio diversification”, and “infrastructure support” (NIH, 1997b, in                     
IOM, 1998).
Public health needs
When distributing research money, the first question that the NIH asks is, “does the research                           
address a public health issue?” For illnesses where there is a high disease burden, the NIH provides more                                 
money and research support. In order to make judgements on public health needs, measurements must                           
exist that measure the burden of a disease. These measures are discussed in more detail in Chapter III,                                 
section 3: epidemiology. We conducted analyses in Chapter IV, section 1, to determine if the NCI is setting                                 
its priorities according to this criteria.
The NIH acknowledges that “[c]alculating... [public health] needs is difficult, and there is not always                           
clear distinction between expense and results” (NIH, 1997b, in IOM, 1998). There may be insufficient                           
epidemiological data, particularly with novel diseases, under­diagnosed diseases, or stigmatized diseases.                   
More importantly, however, NIH admits that it is not always able to show that the money that it spends on                                     
research produces results. This is a difficult admission for a publicly­funded agency to make, as                           
stakeholders (ie the public) want to see a clear connection between money spent on research and                             
improvements in public health.
Quality of research
NIH employs a peer review system for the evaluation of research proposals to ensure the supported                             
research meets the required standards in the areas of project relevance and projected impact, technical                           
structure and methodology, researcher track record and merit as well as facility reputation. NIH explicitly                           
states that their “stringent review for scientific quality” is performed to maximize “the public’s investment in                             
medical research” (NIH, 1997b, in IOM, 1998). As discussed in Chapter I, this peer­review process is                             
intended to draw on the expertise of the reviewer, who will have the wisdom and experience to know which                                   
research avenues are promising and which are not.
Scientific opportunity
Which areas of research have the highest potential to enhance scientific knowledge? NIH                       
recognizes that the path towards discoveries in science is not always clear. The reviewer does not possess                               
clairvoyance and imminent breakthroughs may not be predictable. At the same time, NIH appears to state,                             
paradoxically, that it is possible to know when a dead end has been reached with regard to a research topic.                                     
NIH writes that
[s]ignificant advances occur when new findings, often unforeseen, expand experimental possibilities                   
and open new pathways for the imagination. Not all problems are equally approachable, no matter                           
their importance to public health. Pursuit of a rare disease may often have unexpected benefits for                             
more common problems. By the same token, increased spending on a disease is wasteful when                           
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there are neither promising pathways to follow nor an adequate number of qualified investigators to                           
fund.
(NIH, 1997b, in IOM,1998).
This paradox illustrates the epistemological bind that funders of research find themselves: it is wasteful to                             
spend money on dead­end research, but it is impossible to know with certainty which research is wasteful.                               
Documents such as the one quoted above are illustrative of the confusion that exists in funding agencies                               
that must balance the need to account for their spending (by producing exploitable results) and the                             
impossibility of knowing where the greatest scientific opportunity lies.
Portfolio diversification & infrastructure support
The final two NIH criteria both concern maintenance of scientific capacity. By emphasizing “portfolio                         
diversification”, NIH explicitly recognizes that important scientific discoveries can appear from unexpected                     
places and that it is therefore important that all scientific disciplines receive support. Infrastructure support                           
refers both to the necessity of having up­to­date, modern facilities and, perhaps more importantly, to                           
developing and sustaining a scientific workforce, the “human capital” of the scientific community (NIH                         
1997b, in IOM, 1998).
2.3.2 NCI criteria
The NCI follows the NIH criteria, but reiterates and expands in the NIH criteria in order to make them                                   
more specific to cancer. In particular, the NCI emphasizes “cancer burden”, focus on directing research                           
funding towards the cancers with the most severely affecting the public, in its formulation of public health                               
needs (Committee on Cancer Research Among Minorities and the Medically Underserved, Institute of                       
Medicine, 1999).
2.3.3 IOM criticism of NIH criteria
The Institute of Medicine (IOM) was appointed by the United States Congress in 1998, to form a                               
committee responsible of reviewing and assessing the priority setting process at the NIH. This request was                             
spurred by a public impression that the funding and research priority decisions of the NIH were not                               
responsive to nor reflective of public health needs. The committee was asked to examine allocation criteria,                             
the decision making process, public input mechanisms, and the impact of congressional directives (IOM,                         
1998). Out of these, we are most concerned with the first, allocation criteria.
Two general points were made regarding the criteria in general. First was the need to make the                               
process of their implementation more understandable to the general public, by issuing better documents                         
explaining the processes. The committee recommended that NIH explain how concerned individuals could                       
become involved in such implementation, as well as through engaging the public in regular evaluations of                             
the implementation processes. Second, the report also noted that to meet its set of criteria ­ especially                               
responding to public health needs ­ NIH needs to reduce the burden of disease by developing better                               
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methods of prevention, diagnosis, treatment and rehabilitation. This recommendation goes hand in hand                       
with the NIH’s existing criteria (“”public health need”, “portfolio diversification”) (IOM, 1998).
The committee described the priority­setting process in general as being decentralised and varying                       
from one institute or area to the other, due to the diversity of their nature and needs. It was pointed out                                       
however, that a new trend of centralised decisions is emerging, as more common needs and areas of                               
research are becoming obvious between what were previously seen as independent disciplines and                       
institutes. This realisation stems from the discovery of common biological processes to different diseases,                         
as well as the effects of different diseases on the same organs and bodily processes (IOM, 1998). As there                                   
comes to be deeper understanding of molecular biology, cellular biology, and other fields related to diseases                             
studied by the various institutes of the NIH it is likely that even more commonalities will emerge and the                                   
basic research underlying the therapeutic work done by NIH institutes will converge even more.
The reviewing committee described the NIH’s definition of public health needs as narrow: it sees                           
health as merely the absence of disease. Such a definition does not encompass aiding individuals with                             
disabilities or chronic health issues, nor does it cover the the preservation of the state of health for those not                                     
currently suffering from diseases, despite the NIH’s “portfolio diversification” criteria ostensibly covering                     
these concepts (IOM, 1998).
The IOM committee could not assess to which degree the suggested criteria for assessing disease                           
burden were utilised or balanced in the process of judging the public health needs. They stated that their                                 
mission was hindered by the absence of a systematic process of data collection and analysis by the NIH.                                 
Age structure, socioeconomic demographics, and incidence of disease in different minority groups were all                         
absent from NIH analyses. As a result, making any assessment ­ internal or external ­ of how successful                                 
the NIH is in meeting public health needs is a matter of guessing and speculation (IOM, 1998).
One main issues noted by IOM is the low success rate of clinical trial proposals compared to basic                                 
research. They suggest this is caused by the NIH funding the same percentage of proposals in every study                                 
category and scientific discipline. Concern was expressed to the IOM committee by various interest groups                           
that many fields of research, including the clinical research and behavioural research, are not given a                             
priority and are missing out on the potential of achieving a breakthrough. Consequently, IOM calls for the                               
presence of adequate mechanisms in all NIH institutes that promote innovation and high risk/high payoff,                           
interdisciplinary research. The IOM report touched again on the importance of balancing the allocation of                           
resource between the different approaches of research ­ eg. basic, applied, social, behavioral ­ to                           
accommodate the advances made in those research areas (IOM, 1998).
Finally, the committee report stressed the importance of surveying the research performed by the                         
private sector on the different health related issues, which will help the NIH avoid funding the same research                                 
unnecessarily and focus instead on the research of high risk/high reward potential, which the private sector                             
shies away from undertaking (IOM, 1998). In the case of cancer research, this type of monitoring and                               
coordination exists: the National Cancer Program, directed by the NCI (NCI, 2011).
24
In the IOM’s report, the NIH responded to some of the IOM committee’s findings. To criticism based                               
on the absence of obvious correlation between a disease’s impact and the funds allocated to researching it,                               
the NIH answered that this data came from different periods and were derived following different                           
methodologies, which limits comparability, and that the inherent nature of data did not factor in some of the                                 
most important considerations regarding priority, including the scientific opportunities attached to each area                       
of research as well as the availability of tools and qualified personnel for them. Instead, they suggested                               
other points by which public health needs could be assessed more accurately when considered together ­                             
rather than individually ­ including disease incidence and mortality, the degree of disability caused by the                             
disease, the degree of decreased productivity and the ability to lead a normal life for the afflicted individual,                                 
the economic cost of the disease, and the degree of urgency needed to control the spread of the disease                                   
(IOM, 1998).
Furthermore, the NIH advises caution against the use of cost­data as a proxy for ranking funding                             
decisions (IOM, 1998). Higher funding for a cancer with lower death or DALY rates might appear to be                                 
unjustifiable. However, this sort of favoritism for certain diseases that do not seem to merit their high funding                                 
levels is supported by other relevant aspects, including the pain and debilitating effects caused by the                             
disease and the ease with which the etiologically cancerous environment or lifestyle choices can be                           
adjusted to prevent catching the disease.
2.4 Summary
The recommendations by the OECD are emblematic of the popularity of strategic research and the                           
move to move “pure research” institutions to complement the work of market­driven research. This is an                             
approach that has potential for benefit and harm. The benefit is that greater coordination of research efforts                               
may lead to more important findings. There is the risk, however, that important scientific areas that are not                                 
favored by the demands of the market will be neglected.
The EC’s FP7 call process is a notable example of the contemporary grant­funding process. As in                             
any case of research funding, there are many potential projects available to fund. Implementation and                           
process criteria are used to evaluate which projects are likely to produce a result, regardless of the value of                                   
the result. They are guesses as to whether a project will successfully run to completion. Much emphasis is                                 
placed on the reputation of those involved in the project, which can lead to scientists behaving in a                                 
conservative manner that protects their reputations rather than engaging in risky research. Decisions need                         
to be made to determine which projects to fund, and because it is impossible to know the outcome and                                   
impact of a potential project, the FP7 uses experts who essentially give their best educated guesses.
The case of NIH’s priority­setting criteria and the IOM’s criticisms of said criteria is an illuminating                             
example of the dilemma that governments can face in funding scientific research. The public (represented                           
by the United States Congress and the IOM) wants the scientists who are receiving public money (the NIH,                                 
and the recipients of NIH grants) to come up with discoveries that directly improve public health. Foreseeing                               
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the future of branches of science and knowing in advance what the outcomes of research projects will be is                                   
impossible, however. The tension that exists between scientists and the funders of science (particularly in                           
the case of public funding) is unlikely to be resolved. The recommendations made by the IOM to the NIH                                   
constitute only the most minor tweaks, which indicates that the IOM committee is itself in doubt as to the                                   
possibility of finding a solution to this (essentially political, and not scientific) debate.
Chapter III Case study: Cancer
Introduction
This chapter is a history of cancer. It is a chronicle of this burden disease which is often described                                   
as “the defining plague of our generation” (Mukherjee, 2010). The main purpose of this chapter is to offer an                                   
overview about cancer and cancer research and to explain how they have changed over time. Additionally,                             
the relationship between scientists and the source of science funding is considered. The current state of                             
cancer research and the funding of cancer research are evaluated from the perspective of current methods                             
and practices applied for funding research.
In the United States cancer is known as the second most common cause of death. In 2012 about                                   
1,638,910 new cases of cancer were diagnosed and only 577,190 were expected to die from this burden                               
disease. Between 2001 and 2007 the survival rate for all diagnosed cancer has increased in comparison                             
with previous years. This fact reflects a progress in diagnosing particular cancers at an earlier stage as well                                 
as an improvement in treatment (American Cancer Society, 2012). Surgery, radiation, chemotherapy,                     
biological therapy are only a few procedures applied for treatment of cancer.
3.1  Milestones in the history of cancer and cancer research
Cancer is definitely not a modern disease, but a very old one. Ever since complex life has evolved                                 
and it has been experienced cancer. Plants can get cancer. Dinosaurs suffered from it. By looking at its                                 
history we find that bone tumors have been identified in fossils and Egyptian human mummies. The oldest                               
written description of cases of cancer, breast cancer, was found on Egyptian papyri from around 1600 BC.                               
Detailed description of tumors and even supposed causes were found on Chinese drawings and Chinese                           
medical writings from before 200 BC (UK Cancer Research, 2013).
In the eighteenth century when autopsies could be performed, the understanding of the phenomena                         
of cancer became more precise. One of the very first epidemiological observations to suggest a cause for                               
one type of cancer was made by Dr Percivall Pott, in 1775. Pott noticed that many young boys employed as                                     
chimney sweeps were more exposed to developing cancer of the scrotum. He proposed that something in                             
the soot was causing cancer but at the time no one knew exactly what it was. Years later, the scientists                                     
found out that there is a chemical in the soot which causes the cancer. Thus, Pott's observations were                                 
correct (UK Cancer Research, 2013).
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In the nineteenth century saw many developments in cancer treatment and research. The first                         
cancer hospital was founded in Reims, France. Although this was in the mistaken belief that cancer was an                                 
infectious disease. The French gynaecologist, Recamier, describing the invasion of bloodstream by cancer                       
cells in 1839, was the first who introduced the term of metastasis. In 1895 Röntgen discovered the x­ray                                 
radiation that came to be used in radiotherapy techniques such as cancer diagnosis and cancer treatment.                             
In the same century, the methods of cellular pathology developed by Rudolf Virchow (1821­1902) and the                             
use of the microscope for examining tissue allowed better classification and diagnosis (UK Cancer                         
Research, 2013).
A momentous breakthrough in our understanding of cell biology came in 1953, when Francis Crick                           
and James Watson untangled the structure of DNA. Since then the scientists began to study at molecular                               
level and understand the main causes of cancer, as well as to devise new treatments based on this                                 
knowledge. The last fifty years have seen an explosion in our understanding of this most fundamental of                               
diseases, and new discoveries are released on an almost weekly basis. Despite all the progress that has                               
been achieved in understanding cancer, these breakthroughs have not led to a decrease in mortality.
3.1.2  Defining the term “cancer”
Cancer defines a disease generated by mutations in the DNA of a cell that cause the cell to                                 
proliferate and divide uncontrollably, leading to tumors (R.Weinberg, 2007). An obvious difference between                       
cancer nuclei and normal nuclei can be seen in Figure 3.1.2. The nucleus of a normal cell appears with                                   
uniform intensity but the nucleus of a cancer cell is different and appears with light blue and dark spots on                                     
the inside.  The dark spots are recognized to be the nucleoli.
Figure 3.1.2 20x magnification representation of cancer nucleus and normal nucleus that forms in
prostate tissue (Nguyen et al, 2011)
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3.1.3 Tumor appear from normal tissues
After mid­nineteenth century a remarkable discovery was that tissues are composed of cells.                       
Another important discovery was that these cells proliferate from pre­existing ones. These two captive                         
discoveries had a profound impact on how tumors were perceived and helped us to understand how                             
tissues and complex organism arise from normal tissues. Previously, tumors were described as foreign                         
bodies that had the root in the body of a suffering patient. Nowadays, tumors are examined under the                                 
microscope by researchers in specialized centers. Multiple examinations were carried out on tumors’                       
anatomical sites and an important characteristic was elucidated: cancers have a tendency to spread                         
throughout the body and to initiate new cancer cells colonies. This process is termed metastases. The                             
science of histopathology had a great contribution in classification of tumors as either benign or malignant.                             
The greater part of the twentieth century was to provide the idea that cancer represents a disease of                                 
malfunctioning cells, which have lost the ability to assemble (Weinberg, 2007).
3.1.4 Tumors begin from specialized types of cells throughout the body
According to their origin, tumors are categorized into four major groups: epithelial, mesenchymal,                       
hematopoietic, and neuroectodermal. The majority of human tumors arise from epithelial tissues                     
(Weinberg, 2007).
Epithelia are defined as sheets of cells, located in the walls of cavities and channels. In the case of skin,                                     
the outermost layer is composed of dead stratified squamous and keratinized epithelial cells. Epithelia are                           
of special interest here, because gives rise to the most common human cancers (carcinomas). Included                           
among the carcinoma, tumors arise from the epithelial cell layer of the gastrointestinal tract as well as the                                 
skin, liver, lung, mammary gland, ovary, gallbladder and urinary bladder. In Western world, these tumors are                             
responsible for more than 80% of cancer­related deaths (Weinberg, 2007).
Mesenchymal tumors represent the first major class of non­epithelial cancers, which drives from                       
connective tissues throughout the body. Sarcoma is a type of cancer that arises from mesenchymal cells                             
like fibroblasts, adipocytes, and osteoblast. They all share a common feature: the origin in the mesoderm of                               
the embryo (Weinberg, 2007).
Hematopoietic tumors represent the second class of non­epithelial cancers, which derives from various                         
cell types that constitute the blood forming tissues. In this category cell of immune system as red blood                                 
cells (erythrocytes), plasma cells and B­lymphocytes are included. The term leukemia refers to                       
abnormalities of these hematopoietic cells preventing the normal manufacture of red, white blood cells, and                           
platelets (Weinberg, 2007).
Neuroectodermal tumors represent the third class of non­epithelial tumors, which arise from cells that                         
compose parts the peripheral and central nervous system. These neuroectodermal tumors occur in the                         
outer cell layer of the early embryo. In this category neuroblastomas, glioblastomas, gliomas,                       
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schwannomas, and medulloblastomas are included. It is a rare tumor and only 2.5% of cancer­related                           
death is stated (Weinberg, 2007).
3.1.5 Cancer has different frequencies in different human populations
The distribution of cancers is not uniform and some tumors occur more frequently in certain                           
populations. The large number of human cancers are caused by unavoidable accidents of nature. In this                             
case, hereditary and environmental factors have a considerable contribution in the process of cancer                         
initiation. The hereditary risk factors refer to the unequal distribution of alleles in the gene pools of diverse                                 
human populations. However, this fact does not seem to justify a dramatically different incidence rates of                             
various types of cancer throughout the world. The most dramatic disease risks seems to be environmental                             
risks and lifestyle risks  (Weinberg, 2007).
As mentioned in the beginning of this chapter, the burden disease of cancer is well­known in the United                                 
States. For example, breast cancer in China is approximately one­sixth as common as in the US. Thus                               
breast cancer cases might be theoretically avoidable if only American women would experience a lifestyle                           
and an environment similar to Chinese women. All these analyses lead to a better understanding of                             
causative mechanisms of cancer. The occurrence of cancer takes place when the external carcinogenic                         
agents enter into the body and “attach” the tissue (Weinberg, 2007).
        3.1.6 Factors that may lead to cancer formation
Epidemiological studies tried to establish that the environment, including also the lifestyle risk                       
factors, represent the main principal cause of cancer incidence. A few examples of environmental and                           
lifestyle factors are known to be the cause of cancer humans: tobacco which may causes lung and kidney                                 
cancer, diet­low in vegetables which may cause stomach cancer, a diet high in fat which may cause                               
pancreatic cancer, and alcohol which may cause mouth cancer.
Laboratory research has also a good contribution lead to the understanding of this epidemiological                         
processes. When we talk about cancer­causing agents we particularly discuss about the carcinogenic                       
agents that have the ability to induce cancer e.g. through the skin layer. Both physical and chemical agents                                 
can act as mutagens (Weinberg, 2007).
Chemical agents are often linked to occupations associated with an excess risk of cancer. An estimation                             
performed by the United States Department of Health, Education, and Welfare (HEW) in 1978 mentioned                           
that from 8 to 11 million workers have been exposed to asbestos since WWII. The United States National                                 
Institute for Occupational Safety and Health (NIOSH) estimated that about 880,000 workers in the United                           
States are still exposed to carcinogens. Those carcinogens were currently regulated by the United States                           
Department of Labor’s Occupational Safety and Health Administration (OSHA). Generally, the main cause                       
cancer is that workers are denied knowledge of what kind of chemicals are they exposed to and in what                                   
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concentrations. A few examples of carcinogens encountered in various occupations are: arsenic, wood and                         
leather dust, coal products, and benzene (Epstein, 1978). Pesticides such as aldrin and heptachlor have                           
been evaluated to be highly carcinogenic in animal testing. Naturally occurring organic chemicals such as                           
nitrosamines can also be carcinogenic. These represent a serious problem because they are widespread in                           
the many environments (Epstein, 1978).
Physical agents represent other factors that may cause cancer. Beginning with consumer products, these                         
represent one of the most direct ways in which the consumer is getting in contact with the possible                                 
industrial chemicals that may cause cancer. The main reason of this happening refer to the requirements                             
for testing and the labelling which are performed inconsistently. Another reason is the consumption of                           
additives, such as saccharin, various beverages as diet sodas and food or as drugs. A few of the physical                                   
agents are listed as follow: tobacco, red dyes, saccharin, acrylonitrile and female sex hormones. As an                             
example, tobacco smoke has a complex chemical composition and may cause lung cancer.
Certain genetic mutations may account for as much as 15% of cancer incidence . Incidence of                             1
cancer is not only related to genetic factors but also to environmental and behavioral factors, such as:
● Tobacco smoking is recognized to be the cause of many cancers (bladder, cervix, kidney, larynx,                           
liver, lung, nasal cavity, esophagus, oral cavity, pancreas, pharynx and stomach myeloid leukemia                       
but lung cancer in particular). An estimate from 1994 was that 15% of all cancers worldwide (about                               
1.5 million cases/year) are due to smoking. Passive smoking seems to indicate that it also has a big                                 
influence on development of lung cancer (Krickeberg et al, 2012).
● Alcohol drinking has a huge impact on the liver, larynx, esophagus, oral cavity, pharynx cancers and                             
probably others. According to a recent estimate 3.6% of all cases of cancer worldwide are due to                               
alcohol (Krickeberg et al, 2012).
● Nutritional factors (dietary factors) have also shown to be a factor in developing of cancer. Though, it                               
is very difficult to measure these types of factors (Krickeberg et al, 2012).
● Occupational risk factors which are mostly chemical agents, physical ones such as dust, radiation,                         
heat and noise , represent another important risk factor (Krickeberg et al, 2012).
● Environmental factors such as waste of gas and fumes from factories and traffic, radiation waste                           
disposals, also pollen and radon radiation, with can have a big impact on developing of cancers.
● Medical activities, too, may represent risk factors for cancer. They include X­rays, the effect of drugs                             
and hormone treatments etc (Krickeberg et al, 2012).
● Infectious microorganisms can also cause cancers (Krickeberg et al, 2012).
1 Incidence is an epidemiological measure of how often a disease occurs. Generally, incidence is the “[n]umber of new
cases of disease during specified time interval” divided by “population at start of time interval” (Centers for Disease Control and
Prevention, 2012). Incidence may be calculated in many ways, depending on the specifics of a case.
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● Viruses like HBV can cause liver cancer; HIV can induce Kaposi’s sarcoma and non­Hodgkin                         
lymphoma. The majority of cases of cervix cancer are due to human papillomavirus (HPV). More                           
than half of all cases of stomach cancer are the result of the bacterium H. pylori (Krickeberg et al,                                   
2012).
3.1.7  Feasible actions/methods applied for cancer prevention
When it comes to prevention of cancer there are two main problems of two different reasons. First,                               
the scientific data is not always clear. The second problem is created by economic and political pressures,                               
which have influenced regulatory policies. It is important to understand “the risk­benefit equation” whose                         
elements are hidden and whose benefits are not necessarily reaped by those who bear the risk. The goal of                                   
this equation is to shift public attention on the cancer problem away from the scientific field and focus more                                   
on political arena, where it clearly belongs.
Political level
Two realistic options are mentioned in order to reduce the massive national burden of cancer. The first is by                                   
working with public interest groups and the second is by working with organized labor. Public interest                             
groups have as their purpose to force improving regulation of environment and occupational carcinogens.                         
Organized labor has as purpose to encourage unions to fight for less hazardous working conditions.
Personal level
The eventual possibilities of getting cancer can be limited by making changes in three major personal areas:                               
avoiding carcinogenic products, receiving early detection and treatment, and taking legal action when                       
necessary. The major public interest groups post helpful reports, which confront various problems about                         
carcinogens found in food and water. Early detection and treatment of cancer have a considerable                           
importance for preventing cancer disease. Finally, the requirement of being aware of possible legal                         
remedies  in case the patient is diagnosed with cancer (Epstein, 1978).
Table 3.1.7 A representation of five different areas where individual action can affect cancer.
Area Measures of preventing cancer by avoiding, carcinogens found in:
Lifestyle and personal
habits
Smoking, alcohol, food, drugs, water, cosmetics,x­ray, sex (HPV), sunlight,
household;
Consumer products Spray cans, pesticides, tris (chemical buffer), cleaning agents and solvents;
Work Industrial carcinogens, arts and crafts supplies, contaminated schools;
Early detection and
treatment
Familial/genetic predisposition, history of occupational exposure to carcinogens,
history of treatment with carcinogenic drugs or radiation;
31
Legal action Medical drug­related suits, product liability suits, tobacco cancer, occupational
cancer, community cancer suits;
3.2  Cancer research
Cancer research refers to the systematic investigation into cancer in order to establish the main                           
cause of this disease and to develop suitable strategies for prevention, diagnosis, treatments and, of                           
course, cure. The NCI places the research it conducts and funds in seven categories: Cancer Biology,                             
Cancer etiology, Prevention, Screening, Treatment and clinical trials, Care for patients, and Others. These                         
categories are described below and are useful not only for understanding the type of research that the NCI                                 
does, but for understanding the varieties of cancer research that are conducted around the world.
Cancer Biology – the aim of this research type is to elucidate the advances in understanding the disease                                 
processes of breast cancer and to establish new paradigms in the diagnosis, treatment, and prevention of                             
cancers. The titles’ projects that fall into this category are: Normal Functioning, Cancer Initiation: Alterations                           
in Chromosomes, Cancer Initiation: Oncogenes and Tumor Suppressor Genes, Cancer Progression and                     
Metastasis, Resources and Infrastructure Related to Biology, Cancer­Related Biology
Cancer etiology – the aim of this research type focuses on the cause of cancer disease, mostly on                                 
physical, chemical or biological agents. Under this category projects entitled: Exogenous Factors in the                         
Origin and Cause of Cancer, Endogenous Factors in the Origin and Cause of Cancer, Interactions of                             
Genes and/or Genetic Polymorphisms with Exogenous and/or Endogenous Factors, Resources and                   
Infrastructure Related to Etiology are involved.
Prevention – the aim of this research type is to stop breast cancer from happening or arising. The projects                                   
that are involved in this category are: Interventions to Prevent Cancer: Personal Behaviors that Affect                           
Cancer Risk, Nutritional Science in Cancer Prevention, Chemoprevention, Vaccines, Complementary and                   
Alternative Prevention Approaches, Resources and Infrastructure Related to Prevention
Screening – the aim of this research type is to reduce the number of people who develop and die from                                     
cancer. The projects classified under this category are: Technology Development and/or Marker Discovery,                       
Technology and/or Marker Evaluation with Respect to Fundamental Parameters of Method, Technology                     
and/or Marker Testing in a Clinical Setting, Resources and Infrastructure Related to Detection, Diagnosis, or                           
Prognosis
Treatment for clinical trials – the aim of this research type is to identify the best breast cancer treatment                                   
using new therapies. The projects included under this category are entitled: Localized Therapies ­                         
Discovery and Development, Localized Therapies ­ Clinical Applications, Systemic Therapies ­ Discovery                     
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and Development, Systemic Therapies ­ Clinical Applications, Combinations of Localized and Systemic                     
Therapies, Complementary and Alternative Treatment Approaches, Resources and Infrastructure Related                 
to Treatment and the Prevention of Recurrence
Care for patients – the aim of this research category is to improve the system related to medical care or                                     
treatment. Projects as Patient Care and Survivorship Issues, Surveillance, Behavior Related to Cancer                       
Control, Cost Analyses and Health Care Delivery, Education and Communication, End­of­Life Care, Ethics                       
and Confidentiality in Cancer Research, Complementary and Alternative Approaches for Supportive Care of                       
Patients and Survivors, Resources and Infrastructure Related to Cancer Control, Survivorship, and                     
Outcomes Research are classified under this category
Other – this research type is mostly focused on model systems. Projects as Patient Care and Survivorship                               
Issues, Development and Characterization of Model Systems, Application of Model Systems, Resources                     
and Infrastructure Related to Scientific Model Systems are included in this category. The following Graph                           
shows what percentage of the NCI projects were involved in these 7 types of research.
3.3 Cancer epidemiology
The epidemiology of cancer is the key to etiology and prevention. Epidemiology is the science of the                               
distribution of diseases and other health­related features in human populations and of the factors that                           
influence this distribution (Krickeberg et al, 2012). Krickeberg et al emphasize the distinction between                         
etiology, diagnosis, treatment (cure, palliative, etc), and prevention as the important elements of                       
epidemiology (2012). Epidemiological methods have allowed scientists to discover factors that are strongly                       
associated with cancer. Understanding cancer risk factors (described in 3.1.6) and applying this knowledge                         
to primary and secondary prevention is vital. Primary prevention means reducing or eliminating the level of                             
harmful factors, the majority of of which are man­made. Secondary prevention refers to screening for early                             
detection of cancer, which can lead to early intervention if cancer is found. Examples of secondary                             
prevention include the use of mammography and sonography to detect breast cancer (Krickeberg et al,                           
2012).
3.3.1 ­ Cancer registries: the main tool of epidemiology and key for prevention
The main resource describing incidence, mortality and prevalence of difference cancers is the                       
cancer registries. The first one started functioning in Denmark in 1943. The cancer registers are obtained in                               
two different ways. One of them is based on routine reports from hospitals to the site of the registry and it is                                         
called “passive case finding” .The other registries utilize “active case finding” where the collection of                           
required information are done by the staff of the registry who will regularly visit all the hospitals and clinics                                   
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where cases of cancer are usually being diagnosed. All these data are centralized, aggregated, evaluated                           
and published for use in epidemiological studies (Krickeberg et al, 2012).
3.3.2 ­ Measures of Disease Burden
The most clear­cut parameter for measuring the burden of a cancer is to total their respective                             
mortalities, the number of deaths inflicted by each cancer. This parameter is simple to calculate, using                             
death records, and unambiguous to interpret. However, this parameter on its own is insufficiently detailed.                           
For example, a disease causing the fatalities of 100,000 children should be deemed more worthy of                             
investing research funds into than if the disease exclusively affected elderly people instead.
Disability Adjusted Life Years (DALY) is a measurement that is in widespread use and combines two                             
important aspects of the impact of a disease into one measurement. The two measures that are summed                               
together to make the DALY score of a disease are Years of Life Lost (YLL) and Years Lived with Disability                                     
(YLD). YLL measures the difference between the age at which a person dies of a disease and the his                                   
life­expectancy. YLD takes into account the fact that one can live with a disease and suffer from its effects                                   
for many years without dying. The number of years that a person lives with disability caused by the disease                                   
is the YLD of that disease (Prüss­Üstün et al, 2003).
Chapter IV: Statistical Analyses: Understanding the Research Funding Allocated to Cancer
Introduction
Through the discussion in chapters I, II, and III we came to see that some of considerations                               
according to which research funds are allocated are prioritised over others. Of those considerations, a                           
problem’s societal cost is the most prominent consideration, followed at some distance by scientific                         
opportunity and the need to keep research progressing in diverse directions and disciplines. In order to                             
determine whether these criteria are prioritised in the practice of cancer research, we choose to analyse the                               
number of research projects/ funds allocated according to:
1) Public health need (NIH criterion 1), as a measure of which we are using:
a) The mortality numbers caused by a cancer type against the level of funding it receives from the NCI.
b) Number of scientific publications on cancer against NCI funding levels
c) The global cancer disease burden measured using DALY against the global output of cancer                           
scientific publications .
2) Scientific opportunity/Portfolio diversification, through the analyses of funds allocated to each cancer                       
research area (funds against number of projects in each research area)
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4.1 The allocation of research funds to the research of cancer with the greatest societal cost.
One question that arises when examining the criteria that are used in the funding of cancer research                               
is “are the funds being used to research the most harmful cancers?” One way to answer this question is to                                     
look at the disease burdens that are associated with particular cancers and compare that to the funding                               
levels of research into those cancers. This report uses several measures of the burden of cancers and                               
compares them against NCI research funding or the bibliometrics associated with the cancers. The NIH                           
recommends aligning research effort to the societal burden of that disease (Carter and Nguyen, 2012). Our                             
results will demonstrate whether funding levels of the six types of cancer with the highest disease burden ­                                 
lung, colorectal, breast, stomach, pancreas and prostate ­ are in alignment with their respective burdens on                             
society. Any significant disparity indicates an opportunity for more reasonable and justifiable spending of                         
resources in cancer research.
What can be done to reduce the burden of cancer? The role of evaluating research is to provide                                 
guidance about how to allocate research funds to achieve maximum health gains and quality of life gains by                                 
using the parameter which measures the burden of the disease. There are a wide variety of parameters                               
available to appropriate research funding, each with its own strengths and weaknesses (see section 3.3.2,                           
above). Our studies will consist of the broad and shallow approach for evaluating research funding                           
allocation as we will be reviewing the large­scale effects by surveying large amounts of data and information                               
(EFC, 2009). We will evaluate the criteria used by the NCI on effectiveness in allocation of research funds                                 
by using bibliometrics, logic modelling, and cost­benefit analyses. We will also perform an analysis of global                             
funding of cancer research.
Seeing as research is conducted on limited resources, wise allocation of the resources available to                           
the areas of cancer research where the burden of disease is greatest is necessary. If the aim is to mitigate                                     
the burden of cancer through tactical spending, two issues of crucial importance should be addressed to                             
maximize our efficiency in achieving this goal:
1. The choice of an appropriate parameter to weigh the burden of cancers
2. Optimizing research spending with respect to the chosen parameter
Once the best suited parameter has been decided upon we can compare actual NCI research                           
funding allocation to what we would consider improved distribution of their limited resources according to                           
the chosen parameter. Accordingly, cancers causing twice the burden should be awarded twice the                         
funding. On this objective basis, arguments for preference in spending on a cancer relative to its burden are                                 
equivalent to making adjustments to the parameter itself. For example, one can argue that breast cancer to                               
be funded more than is committed to it by a given parameter due to the psychological significance of                                 
breasts as a sense of identity to women. Prostate cancer can have a similar psychological burden as                               
treatment frequently results in impotence. It is remarkable that prostate and female breast cancer have                           
such a high disease burden, considering that the former can only affect men and the latter can only affect                                   
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women. This exemplifies the complexity of evaluating the burden of a cancer. We cannot account for all                               
factors in one parameter nor should we make exceptions to existing parameters to include indirect impacts                             
such as psychological factors. It is vital to find the most all­round beneficial parameter to follow because the                                 
relative burdens sustained by different types of cancer are likely to differ, perhaps immensely, when using                             
different parameters.
4.1.1 ­ Analysis #1 ­ Mortality v NCI funding
While it is arguable that mortality rates do not take into account sufficient variables to be considered                               
a solid model capable of fair and balanced measure of burden­justifiability, it provides the foundational                           
knowledge of the topic and makes evident basic indicators of funding discrepancies.
Method and materials
Budgetary data were collected from NCI Fact Books. The number for each year reflects the NCI’s                             
budget, in dollars, minus funds specified for AIDS research. Furthermore, the number takes into                         
consideration changes to the NCI budgets made after appropriation of money by the United States                           
Congress. These changes include discretionary changes made by the Director of the NIH and many others                             
that are described in the NCI Fact Books (NCI 1990, NCI 2000, NCI 2010). Mortality data was collected from                                   
Globocan.
Figure 4.1.1 – shows the difference between mortality and % funding received by the NCI out of the total                                     
budget for the year 2008. The line of equality, x=y, is shown. This line shows what a perfect correlation                                   
between the mortality percentages of a type of cancer and the funding percentages of that type. In other                                 
words, what it should look like, if mortality rates were the one and only factor in deciding how much funding a                                       
cancer type deserves.
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Results
Figure 1 shows the difference between the scientific effort devoted to these six cancers in terms of                               
the funding a cancer receives divided by the total budget of the NCI, compared to the mortalities caused by                                   
the respective cancers divided by the total cancer mortalities – in 2008. Clearly, scientific emphasis is not                               
concentrated on the biggest killer, lung cancer, but on breast cancer.
Discussion
Although the threats of breast, prostate, colorectal, pancreas, and stomach cancers are very real,                         
their perceived dangers appear exaggerated next to lung cancer. Therefore, these funding levels suggest                         
that lung cancer is underrepresented by the NCI’s budget allocation. Lung cancer claims more lives than                             
prostate and breast cancer combined yet proportionally receives far less research funding. It causes the                           
most fatalities of any cancer in the US but receives the least NCI funding, per death, of the 6 most deadly                                       
cancers (Figure 4.1.2). A possible deterrent for the government to spend public funds on lung cancer is the                                 
etiologic agent of tobacco, which is held responsible for ~30% of lung cancer deaths (Dennis, 2004). This                               
“human factor” seems to drain the justifiability in the eyes of the scientific community of investing heavily in                                 
lung cancer as a high proportion of mortalities are a result of lifestyle choice rather than biological factors.                                 
Consequently, the number of researchers investigating the biology of tobacco and lung carcinogenesis falls                         
behind the number studying rarer forms of cancer such as those derived from bone marrow (Dennis, 2004).                               
Our choice of criteria do not take into account such moral considerations.
Figure 4.1.2 – Rankings of per death funding levels of the six most prevalent cancers. It shows a                                 
comparison, in descending order, of the value, in research funds, delegated to prevent each death due to                               
cancer. Mortality statistics obtained from Globocan; NCI funding data obtained from NCI Fact Books
A comparison among cancer types suggests that our funding priorities are not entirely determined                         
by the number of casualties caused. The position of breast cancer so incongruously high up in funding while                                 
so middling in mortality suggests that spending of research money on breast cancer than is higher than                               
warranted by the burden on the population. Besides the major outliers of lung and breast cancer, prostate                               
and colorectal cancer appear underfunded underneath the x=y equality trend line. The line of equality                           
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represents the most optimal instructions for the distribution of research funds according to this parameter,                           
as the burden on society (in terms of fatalities) is directly correlated to the funding received along this line.
4.1.2 ­ Analysis # 2 ­ “Science produced” v. NCI funding
Because of the difficulties of finding comprehensive information on funding of cancer research from                         
around the world, we chose to use a proxy measurement. Rather than, for example, “dollars spent on                               
funding” we choose to use “number of publications” in analysis #3 (below). In order to validate this                               
approximation, we analyzed the number of published papers on cancer as a function of funding of cancer by                                 
the NCI over time.
We wanted to test the hypothesis that the amount of funding that goes into cancer research
is not correlated to the amount of articles published. We collected data from PubMed and compared it to                                 
budgetary data from the NCI from 1972­2011.
Method and materials
NCI budget data for this analyses are the same as those used for analysis #1. A PubMed search of                                   
publications with “cancer” in the title field provided the data represented on the Y­axis. Publication data were                               
sorted according to year. The resulting data points were plotted against NCI budget data; each point                             
represents one year of data:
Figure 4.1.2.1 shows a plot of the amounts of publication as a function of the funding.
Every asterisk represents one year. Red line represents a linear regression that fits the data.
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Results
We calculated the Pearson's correlation coefficient with a value of r = 0.9403. In order to turn this                                 
r­value into something meaningful we calculate the Student’s ts statistic and we find that p<0.001 . With this                                 
information we can conclude that we are more than 99.9% certain to make no mistake in rejecting our                                 
hypothesis.
Discussion
Our analysis shows that the number of publications increased as funding increased. There is a                           
positive correlation between funding of science and articles produced in that topic. This does not prove that                               
increased funding causes increased number of articles and we can only theorise that causation is true,                             
having the correlation between the two to support this theory. We made the assumption that this                             
relationship would hold generally for the relationship between publications on specific types of cancer and                           
funding from different cancer research­funding organizations (eg. that if the European Commission spends                       
more money on bladder cancer research, that the number of scientific publications on bladder cancer will                             
increase). This assumption is the basis of analysis #3, which compares the number of publications on                             
specific cancers to disease burden.
One inexactness about our data is that funding is presumably given at the start of a project, where
the article is finished at a later instance. We could not account for this in our data, as not every project
needs the same amount of time to be published and that data is not available to us. Another factor to
consider when interpreting the data is that scientists in different disciplines publish data at different rates.
We have no reason to believe that this is a confounding factor in our analysis, since we are not breaking
down our analyses by discipline.
Conclusion
We conclude from our findings that it is possible to use the number of publications on a topic to                                   
estimate the amount of funding for that topic. We do not plan to use the findings to make estimates of the                                       
exact amounts of money spent on a topic, but merely to make assumptions about the relative levels of                                 
funding between different (multidisciplinary) topics. We conclude that if research on one type of cancer has                             
more publications in a given time period than research on a different cancer, that more money was spent on                                   
researching the former.
4.1.3 Analysis #3 ­ Global disease burden v number of publications
This analysis looks to discover if there is a relationship between the number of publications on                             
particular types of cancers and the disease burden of those cancers. Having already established that there                             
is a positive correlation between the amount of funding that research into a type of cancer receives and the                                   
number of scientific publications that are produced on that type of cancer (see analysis #2), we decided to                                 
use the number of publications as a proxy for funding in our analysis. Because we are looking at worldwide                                   
trends in disease burden of cancers and worldwide production of scientific research, finding comprehensive                         
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funding data for all global cancer research was deemed impractical, and thus number of publications was                             
chosen as a proxy. The number of publications on various cancers also gives an indication of the research                                 
interests and priorities of scientists. We want to see if the most burdensome cancers, indicated by high                               
DALY values, are the cancers that were the subjects of the most research. We chose the six cancers with                                   
the highest DALY values in countries that were categorized as “Very High HDI”.2
Method and Materials
Using data from Soerjomataram et al (2012) that examined the disease burden of many diseases in                             
184 countries in 2008, we compared the burden of disease to the amount of published scientific literature in                                 
the same year. The cancers with the highest DALY are, in descending order: lung, colorectal, female                             
breast, stomach, pancreas, and prostate.
We used PubMed to collect the number of publications on each type of cancer in 2008. The                               
following are the entries searched for using the PubMed search engine, followed by a graph comparing the                               
number of publications on PubMed with the respective DALY data.
Figures 4.1.3.1  shows the six cancers with the highest DALY values for “Very High HDI” countries in 2008
(Soerjomataram et al, 2012) as well as the number of publications on each type of cancer in 2008 and the
PubMed search term used to find the relevant publications.
Type: PubMed Search term:
Female Breast ("Breast Neoplasms"[Mesh]) NOT "Breast
Neoplasms, Male"[Mesh]”
Colorectal "Colorectal Neoplasms"[Mesh]
Lung "Lung Neoplasms"[Mesh]
Prostate "Prostatic Neoplasms"[Mesh]
Stomach "Stomach Neoplasms"[Mesh]
Pancreas "Pancreatic Neoplasms"[Mesh]
Figure 4.1.3.2 shows the DALY statistics against # publications published for the year 2008.
2 We chose “Very High HDI” countries because these are typically the countries that produce the most scientific
research and provide the most funding for cancer research. Our assumption is that the cancers that are the most
burdensome in these countries are the ones that are most likely to be highly prioritized.
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Using Matlab, we calculated the correlation coefficient (r = 0.5653) and calculate the likelihood of this result
with a Student’s ts test (p = 0.2424) .
Results
There was a weak, statistically­insignificant correlation between DALY values and number of publications.                       
This lack indicates that funding is not being focused on the most harmful cancers.
4.2 The allocation of NCI funds for breast cancer research projects: are funds allocated to where
the best scientific opportunity is thought to be found?
The aim of this analysis is to offer an overview about the funding distributed in different types of                                 
cancer research. Breast cancer is used as the case for this analysis, using data from the NCI. The reason                                   
for selecting breast cancer is that this disease is situated on the second position in relation to cancer                                 
mortality rates in the United States and at the top of cancer research spending by NCI. We use the 7                                     
research areas previously explained in section 2.3.2, so that we compare them to one another in the way                                 
that the NCI distinguishes the research areas.
 Graph 4.2.1 NCI funding to types of research breast cancer for the period 2001­2012
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Discussion
The placement of cancer biology at the top of the funded topics indicates that NCI is taking seriously                                 
its role as a funder of basic research. This fits with the NIH mission to pursue research that has the                                     
potential to be groundbreaking. To a much lesser degree, NCI funds prevention research. This may seem                             
incongruous given the first NIH (and, by extension, NCI) criterion, improving public health. After all, a person                               
who never develops cancer in the first place is is experiencing the best possible health outcome. The NCI is                                   
using its resources in a way that indicates that it wants to fund risky research. A better understanding of                                   
cancer biology could lead to tremendous benefits to public health by making the mechanisms of cancer                             
clear.
The second­highest funded type of research is treatment and clinical trials. While these are                         
important areas of research, we believe that the NCI should divert money to research on cancer etiology.                               
Understanding how cancer originates is the first step in improving prevention. Cancer etiology is also                           
unlikely to be prioritized by business­backed funding sources. Businesses are, however, likely to spend                         
money to develop treatments that can then be patented and sold. We believe that NCI should allow private                                 
companies to take more of a share of the treatment and clinical trials research and should focus its                                 
resources on etiology and subsequently prevention, along with cancer biology.
4.4 Summary
In an effort to measure the validity of current funding systems in their goals of optimally spending                               
research funds to minimize the burden of cancers on society, we made analyses studying several                           
parameters indicative of disease impacts and the funding received. Our research elucidated a questionable                         
relation between NCI funding and our chosen measures of disease burden.
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Mortality provides a simplistic overview measure of the burden of a disease. The number of deaths                             
in the US by the six most prevalent cancers did not have a very strong correlation with the amount of NCI                                       
funding, especially with respect to breast and lung cancer. As a result, the fruit of oncological research, the                                 
number of publications as presented in figure 4.3.2, against DALY, demonstrates the same principle. There                           
is a relationship between the burden of a cancer and the attention afforded them indicative that the health                                 
impacts of cancers are not a primary consideration when deciding on their funding levels.
Figure 4.1.2 reveals the inequitable spread of funding levels provided by the NCI to prevent each                             
fatality caused by different cancers. While this can be explained by scientists concentrating efforts on the                             
most promisingly influential research, Lewinson et al found that media coverage of cancer is largely biased                             
for certain cancers, especially breast cancer, citing its “strong personal identity” causing “a strong focus on                             
breast cancer” in the articles they analysed (2008). Inaccurate reporting by the media and media hype are                               
blamed by commentators for the favoritism of cancer researchers for certain cancers that have lesser                           
health burdens. Additionally, the relatively high funding level of breast cancer is due to the proactive efforts of                                 
women’s groups and charities that help raise awareness about the burden of breast cancer (Lewinson et al,                               
2008).
Our findings in analyses #1 and #3 resemble those found by Gross et al (1999) and Gillum et al                                   
(2011). Gross et al and Gillum et al also found a weak correlation between DALY and funding of various                                   
diseases (ie not only cancers). In contrast to our analysis, these papers both look only at funding conducted                                 
by the NIH, and so are more detailed than our analysis, but less wide­ranging. Gillum et al (2011) is                                   
essentially a replication of the study performed by Gross et al (1999) to see if NIH had changed its funding                                     
strategies to prioritize the diseases with the highest disease burden; they found that there had been no                               
realignment.
The NCI is worthy of praise for its accounting of the money it spends on research. Sadly, not all                                   
groups that pay for cancer research are so open and transparent. Galsworthy et al (2012 and 2013) and                                 
Charlesworth et al (2009) describe the difficulty of analyzing the allocation of cancer funds by the EC's FP5                                 
and FP6 programs.
Chapter V: Evaluation
As part of the process of answering our problem formulation we developed several critiques of the                             
contemporary research funding methods and practices. Funding organizations should seek to put their                       
money where it is needed most urgently (following cancers with the highest disease burden, in the case of                                 
cancer research), where there is a greater possibility of scientific breakthrough, to keep the progress of                             
knowledge expansion across multiple disciplines and where it will ensure the existence of a strong scientific                             
capacity.
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Priority­setting according to need
Choosing how to allocate money for research is clearly not an easy task and the funders of science                                 
must ask themselves difficult questions. Should they fund every application, including very risky projects, in                           
the hope that something will produce a breakthrough? Perhaps under­researched areas and approaches                       
are more likely to lead to important discoveries, so funders should take this risky approach. On the other                                 
hand, there is the possibility that they will waste resources by paying for any and all projects that come to                                     
their attention, until they no longer have any money. Alternatively, funders of science can take a more                               
conservative approach; they can make educated guesses about what will produce a breakthrough. They                         
cannot be certain where the important advances will come from, but they can attempt to maximize the                               
likelihood of a breakthrough based on prior knowledge, expertise, and wisdom. The danger of the                           
conservative approach is that the methods used to ensure quality can result in locked­in ways of thinking                               
that eschew risky new ideas and favor an unproductive status quo.
The conservative approach reflects current methods and practices at governmental research                   
funding agencies. In a world of limited resources and urgent problems, it is inevitable that this is the case.                                   
Taxpaying publics will demand some degree of accountability from the scientific establishment that is the                           
beneficiary of their patronage. Ultimately, the setting of scientific research funding priorities by governments                         
is a political and ethical issue more than it is a scientific issue. Given the inevitability that some degree of                                     
accountability will be enforced, it is important that the best methods are used to ensure that science is able                                   
to thrive.
When setting research funding priorities, it is important to ask “whose voice is most important?” ­                             
both to learn who has the decision­making power and also to ask who should have the power ­ in making                                     
these decisions. Advocacy groups have pushed research into unproductive directions (Kolata, 2009). These                       
groups already fund much research that relates to their cancer of choice, so perhaps governments should                             
take this into consideration. Breast cancer, for example, research is already well­funded by private groups                           
and charities, such as the Susan G Komen foundation and the American Breast Cancer Foundation.                           
Governments, rather than spending their research funds in this well­funded field, would be doing more good                             
to invest in research on other cancers that are 'underfunded'. According to our analyses and those of others                                 
(Gross et al 1999, Gillum et al 2011), lung cancer is underfunded relative to its disease burden and would be                                     
an excellent candidate.
This is a situation that is not unique to cancer research. In fields such as computer science, private                                 
industry is a major source of research investment. Governments and nonprofits can fill the gaps where                             
valuable scientific research exists to be made, but is not being made due to lack of interest by industry. In                                     
other instances, the major funder may change. Computer science was once primarily a purely theoretical,                           
academic subject that became a recipient of generous government patronage, but is now a largely                           
industry­funded phenomenon. It is important that all aspects of a field of science and of scientific disciplines                               
are investigated and that research is nurtured, even as social, political, and economic forces shift.                           
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Governments, and super­governmental organization such as the European Commission, have an important                     
role to play in this regard. They are not required to adhere strictly to market pressure and can have a free                                       
hand (to an extent) in choosing how to fund science. Because of this freedom, they should focus their                                 
funding in a way that will pursue the maximum benefit to society. In the case of cancer, this can mean                                     
funding cancers that have the greatest disease burden.
A limitation that has to be worked with in attempting to reduce the disease burden of cancer is that                                   
economic factors come into play. In industry some carcinogens are used because the products are                           
cheaper or more efficient. This can affect both people working with carcinogenic chemicals and the                           
consumer. Situations like this can pit the social need (lower disease burden, less cancer, better health)                             
against the interests of business. In cases where there is a suspected carcinogen (or other harm to the                                 
public good) that is not being researched, it is incumbent upon government and other funders of science to                                 
step in and fill the void by paying for research that business has no interest in pursuing.
Any attempt to reduce or completely ban the use of chemical substances that contain carcinogens                           
will cause a strong objection by the companies that benefit from the usage of those chemicals. Full                               
awareness amongst the public may lead to a reduction in the disease burden of cancer. Warning labels, for                                 
example, on products that contain carcinogens are likely to have a reducing effect on the amount of                               
consumption of a product. This will have to be a political action, as companies do not voluntarily warn the                                   
consumer about the possible risk in their product. Such warnings can already be seen on cigarette                             
packages. Even though most of these measures are met everywhere in the world, they have partial                             
success only in the developed countries (Krickeberg et al, 2012).
Both of our analyses in Chapter IV indicate that decisions regarding the funding of research into                             
different types of cancer is not determined by the disease burden of the individual cancers. Analysis #1,                               
which compared NCI funding of research into the most lethal cancers to the disease burden of those                               
cancers, showed that there is a mismatch between the cancers with the highest disease burden and the                               
cancers that receive the most research funding. This result supports similar findings by Gross et al (1999)                               
and Gillum et al (2011), who examined NIH funding and the burden of many diseases. This is important                                 
because it indicates that the NCI is not meeting its own guidelines for prioritizing allocation of funds.
Analysis #2 cast a wider net, looking at global burden of disease and global trends in research                                 
funding, and comes to the same conclusion: the money spent to research different types of cancer does                               
not correlate strongly with disease burden. We believe that disease burden should be a top consideration                             
when funding agencies decide how to spend money on cancer research. We believe that DALY is an                               
excellent measure for determining disease burden and that it should be the primary metric when making                             
these calculations because it takes many important factors of illness into consideration in one metric.
Complicating factors
One assumption that grounds our analysis is the assumption that spending money on research                         
leads to a reduction in disease burden. This seems a reasonable assumption, and it is the basis for paying                                   
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for disease research in the first place. A related assumption, however, is that money spent on cancer X is                                   
as effective, as well used as money spent on cancer Y. This is related to one of the NIH's five criteria for                                         
determining funding of research, namely “probability of success”. It may be the case that $1 spent on                               
pancreatic cancer research will produce Z­amount of improvement in disease burden, while $1 spent on                           
lung cancer research will produce ½Z­amount of improvement in disease burden, or even no improvement                           
whatsoever. This does not change our conclusion that the cancers that cause the most disease burden                             
should receive the most funding, but it may explain why, for example, lung cancer is the subject of fewer                                   
publications in 2008 than female breast cancer. It may be that scientists and the organizations that fund                               
them have decided that lung cancer research is at a dead end and that there are more gains to be had in                                         
researching breast cancer.
A principle in economics, the “equimarginal principle”, provides a tool for assessment that can be                           
used for any decision involving multiple courses of action, each with different repercussions. Simply stated,                           
when there is a fixed sum of funds to be distributed among competing demands, the funds should be                                 
allocated in a manner so that the last dollar spent on each demand should amount to utility gains of equal                                     
proportion as if it had been spent on another demand. Thus, in spite of the high societal burden of a cancer                                       
in terms of mortalities, there may be a lack of possible avenues of research to pursue. In such a case the                                       
money put in would not buy much output. Conversely, more lives could be saved if the money had been                                   
invested in research on a less common cancer with better research efficacy. The guiding theory is that                               
research funding should be allocated according to how much knowledge can be bought potentially, rather                           
than how many people are affected by a particular type of cancer. For example, a condition such as lung                                   
cancer has a long history of research, so there is a stock of research knowledge that additional investments                                 
contribute less to than they would with diseases that have a shorter history of research (Equimarginal                             
Principle, 2013).
Furthermore, it is well­known that many cancers have a strong environmental factor. Smoking,                       
exposure to radiation, and obesity are all correlated with a higher risk for many types of cancer. Groups                                 
interested in combatting cancer may make the reasonable conclusion that they will see the greatest return                             
on investment by spending their money and other resources not on research, but on pragmatic campaigns                             
to reduce smoking, prevent exposure to radiation, or prevent obesity. When evidence­based initiatives to                         
prevent cancer are undertaken, it marks a success for the science backing the initiative, however research                             
must not be allowed to stagnate.
Ensuring the existence of a strong scientific capacity
NIH guidelines stipulate that its money be spent in a way that fosters a broad­based portfolio of                               
scientific research and ensures the existence of a robust scientific infrastructure (NIH, 1997a). This is                           
echoed by the OECD in their recommendations for public research organizations (OECD 2003), using                         
similar language. We believe that this is a crucial aspect of science funding. The maintenance of scientific                               
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facilities and research institutions is critical for carrying out important work in the future. The emergence of a                                 
professional scientist class in a hallmark of the modern scientific paradigm and the existence of such a                               
class is essential for society.
Obstacles facing the implementation of priority criteria and recommendations
Our review of the various research priority criterias in the previous chapters shows a relative                           
agreement among the priority setting committees regarding which problem areas to focus on and what                           
reforms to implement. In practice, however, putting these resolutions to action is not as straight forward as                               
one would hope, and that is caused by many factors, some of which are inherent to the nature of the                                     
modern scientific establishment.
The fundamental inconsistencies between the long­term nature of science and innovation on one                       
hand, and the short­term nature of political cycles on the other, means it is usually difficult to make the right                                     
administrative decisions that direct scientific research through funding (Arnold, 2012). The implementation                     
of reforms aiming at a better utilisation of funds in the scientific institutions varies greatly between states                               
according to their decision making processes, producing different challenges in each case. The decision                         
making process can be centralised/ top­down or decentralised/ bottom­ up, and sometimes a mix of the                             
two. (see appendix A ­ table (A­1) )
In both the EU and the US there is a reported state of “fragmented research” when it comes to                                   
cancer research (Eckhouse et al, 2008), meaning that the scientific efforts in the field are not coordinated or                                 
synchronised in a way that eliminates double work nor enable speedy accumulation of knowledge. It also                             
means not sharing funds, facilities and expertise.
EU : centralised, top down
1) The major problems are coordinating research policies in the EU to strengthen and complement each                             
other’s findings. In the EU about 80% of funding comes from 18 funders, yet the complexity of investment                                 
streams – especially in infrastructure of health care system and universities ­ makes the development of                             
cancer funding policies very difficult. To overcome such complexity the decision makers need to find                           
common socio­cultural leverage within the different funding streams, in order to alter the behaviour of                           
decision making towards a sense of “togetherness” and to overcome differences in scientific priorities                         
between the member states (Eckhouse et al, 2008). This vast diversity of the funding streams makes any                               
attempt of top­down, short­term measures to enforce cohesion of goals and research practices doomed to                           
failure. An example is given in the failing of over a third of the EU member states in increasing their                                     
investments in cancer research, causing the last Framework Programme, FP6, to suffer greatly (Eckhouse                         
et al, 2008).
2) A second issue according to Eckhouse et al is how to raise the degree of creativity and productivity in EU                                       
cancer research (2008). When viewing the funding community in the EU we are met with very diverse group                                 
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of agencies, often with competing agendas. Proposing the introduction of programmes where common                       
access to expertise, knowledge and facilities to reach the critical mass required for a breakthrough to                             
happen, goes against the basic desire to capitalise on own findings. Altruism of this kind can be encouraged                                 
through tying it with own benefits. For example: to encourage a funding agency to support orphan­ or                               
large­scale cancer research in another member state that has the demographics required to run the                           
research, policies should illustrate how the findings could benefit the member state where the funding                           
agency hails from (which in this case does not have the required demographic). Such cross­state funding                             
of research will be very difficult to realize unless under the umbrella of a cooperative programme such as                                 
the FP. The focus of the policies need to be changed from raising the economic advantage of the individual                                   
state to focusing on the end result of better cancer control and prevention (Eckhouse et al, 2008).
3) The major role in funding cancer research by charities in the EU makes it worthy of regulation and                                   
streamlining. The cancer research funded by charities remains to this day largely fragmented due to the                             
different core values and goals of each. The same difference and existence of nationalism in charity would                               
also make inter­state funding by them quite difficult to materialize (Eckhouse et al, 2008).
US: decentralised, bottom­up
The state of fragmented research is also found in the US but for different reasons. The very                               
decentralised nature of priority setting and fund allocation in the NIH institutes, for example, causes each of                               
their research to be uncoordinated, their findings unshared and their expertise separated.
It was expressed by Greenberg that the medical research ”was not going to be established by hard                               
consensus on a grand design. It would be fragmentary and incremental; in short evolutionary” (1967).                           
Accordingly, the state of fragmentation in research was designed to facilitate decision making and bypass                           
bureaucracy. Ironically enough, this same feature which started as a measure to combat bureaucracy                         
ended up creating more of it, since the autonomy of every institute necessitates a separate apparatus                             
servicing its administrative needs.
The bureaucracy and over management of cancer research in the US has resulted in a widening                             
gap between allocated funds and spending on research, causing a drop in productivity and increased cost                             
of regulatory procedures. Cancer research in the US has evolved into an employment generating industry                           
with regulatory paradigms that costs highly to run and maintain (Eckhouse et al, 2008).
Based on the above critique, we can conclude that research into a particular subject, for example cancer                               
research, can benefit from more centralised decision making mechanisms that would help it overcome the                           
state of fragmentation and disconnectedness. But it is also important that such process of centralisation                           
does not eliminate the flexibility found in the decentralised systems, which allows them to involve all their                               
stakeholders and also allows them to evolve and change their process when necessary, in response to                             
changes in science.
Future directions and possible improvements over our report
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Future research projects would do well to examine the results of Horizon 2020 and see if it does in                                   
fact promote a diverse, deep research portfolio. Other future projects could investigate the relative amount                           
that different groups ­ governmental, nonprofit, business ­ contribute to the maintenance of a vibrant                           
scientific community. In an ideal situation, we would have access to comprehensive data on the funding of                               
cancer research for the entire world for many years. Access to comprehensive funding information would                           
allow us to forgo using publications as a proxy for funding (as in Analysis #2) and, instead, to measure                                   
directly the funding of research and health outcomes. Another ideal investigation that would strengthen our                           
analysis, would be to understand and calculate the effect of funding on each specific cancer so that we no                                   
longer need to assume that an investment will have the same reduction in disease burden in each cancer.                                 
With this information we could talk about what has the best reduction of disease burden, instead of just                                 
targeting what the biggest burden is at the moment.An analysis with such comprehensive information could           
look at changes in the burden of a specific disease over time and see if funding of that disease increases or                                       
decreases correspondingly. Because contemporary research is a global, interconnected phenomenon it                   
makes sense to try to align research priorities on a global scale. No data could be found on patent data for                                       
the various cancers, otherwise known as patent statistics, measuring the number of patents issued to each                             
cancer, could have been used as another parameter for comparative analysis. If sufficient time and                           
resources were available to go further with our assessment of the funding of cancer research we could                               
perform:
● A more in­depth analysis of disease burden using different measures (Hospital days, Morbidity,                       
Years of potential life lost “YPLL”, monetary cost of condition)
● A comparison of industry vs state funded cancer research for areas of overlap.
○ also, state vs non­profit foundations, etc.
● An investigation of whether interdisciplinary research is prioritised.
● An Investigation of which is the best method to measure research impact.
Conclusions
Our research into the evolution of funding sources for scientific research and the modern scientific                           
establishment has shown us that there is confusion and bewilderment regarding how best to fund scientific                             
research. Funders of scientific research wish to see a tangible return on their investments and demand                             
accountability from the scientists they fund. Scientists, generally speaking, wish to pursue topics in their                           
field of research, and are frequently constrained by the conservative methods and practices of their                           
backers. The result is confusion and disagreement between the parties.
We chose to look at the way in which cancer research is funded as a way to understand the modern                                     
scientific establishment, but we believe that the state of confusion over best practices and priority­setting is                             
likely to apply to other areas of scientific research. We believe that governments, which are not subject to                                 
the same market pressures as private businesses, should focus their investment in scientific research into                           
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areas that are neglected by other funders of research. It is important for a society to contain a strong,                                   
thriving, multi­faceted scientific capacity (consisting of eg physical infrastructure, robust institutions, and the                       
scientists themselves) and governments should devote resources to ensure the existence of this capacity.                         
Because businesses will tend to invest in what they believe to be the most economically exploitable                             
research areas, economically exploitable research areas will be well­accounted for. For this reason,                       
governments should provide funding to areas that are not considered economically exploitable, to prevent                         
stagnation in these fields. Furthermore, governments should provide funding for the riskier,                     
less­likely­to­succeed types of research that businesses, which must be more conservative and                     
results­oriented to survive, shun. Governments will not go bankrupt if research they fund fails; a business                             
may.
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Appendix A ­ OECD research archetypes
Table A.1 shows the three types of research archetypes described by the OECD, including their strengths
and weaknesses (reproduced from OECD, 2003)
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Appendix B ­ NIH Priority criteria
Below are reproduced the criteria used by NIH in setting funding priorities.
Criterion 1. public health need
“The NIH has an obligation to respond to public health needs, as judged by the incidence, severity, and cost                                   
of specific disorders. Calculating these needs is difficult, and there is not always clear distinction between                             
expense and results”
(National Institutes of Health, 1997b, quoted in IOM,1998)
Criterion 2. Quality of Research Supported
“The NIH applies stringent review for scientific quality on all research proposals in order to return the                               
maximum possible on the public's investment in medical research”
(National Institutes of Health, 1997b, quoted in IOM,1998).
Criterion 3. Scientific Opportunity
“As an administrator of science, the NIH has learned that many significant advances occur when new                             
findings, often unforeseen, expand experimental possibilities and open new pathways for the imagination.                       
Not all problems are equally approachable, no matter their importance to public health. Pursuit of a rare                               
disease may often have unexpected benefits for more common problems. By the same token, increased                           
spending on a disease is wasteful when there are neither promising pathways to follow nor an adequate                               
number of qualified investigators to fund”
(National Institutes of Health, 1997b, quoted in IOM,1998).
Criterion 4. Portfolio Diversification
“The NIH's portfolio must be large and diverse. Because we cannot predict discoveries or anticipate the                             
opportunities fresh discoveries will produce, the NIH must support research along a broad—in fact,                         
expanding—frontier”
(National Institutes of Health, 1997b, quoted in IOM,1998).
Criterion 5. Adequate Infrastructure Support
“The NIH must continue to support the human capital and material assets of science. To this end, the NIH's                                   
budget supports research training, acquisition of equipment and instruments, some limited construction                     
projects, and grantee institutions' costs of enabling the research programs”
(National Institutes of Health, 1997b, quoted in IOM,1998).
Figure B1 ­ NIH peer­review criteria (reproduced from IOM, 1998)
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